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Monitor 1000 ‘* readings” 


every 50 seconds with 


























An accuracy of +0°2% and a high scanning 
speed make Blackburn Electronics data log- 
ging equipment ideal for monitoring plant 
performance. Modular construction of the 
basic units enables instrument engineers to 
install exactly the right size of this inexpen- 
sive and compact equipment necessary for 
data monitoring and recording on_ their 
plant. Extension of the logger by multiples 
of 10 channels is possible as required. 


Input signals derived from thermo-couples 
and other transducers can be scanned at a 
rate up to 20 points a Second. Departure of 
any parameter from predetermined limits is 
indicated by visual and audible alarms and 
a parameter record. Alarm conditions may 
also open relay contacts for process control 
applications. The output data may be ob- 
tained on a strip or page printer or paper 
tape punch and will comprise parameter 
identification, value and time, etc. 









A complete log of all parameters may be 
obtained on demand and at regular intervals. 


BLACKBURN ELECTRONICS 


LIMITED, 
Brough, Yorkshire. Telephone: Brough 121 


PILOT POLICY 


is to supply, not the 


cheapest but the best Pp | i s | 


and reduce gauging P L U G G A U G E S 


costs SWALLOW RD., COVENTRY 
TEL. 87341/2 
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SPECIAL FEATURES 
The Year Behind Us 
In retrospect, Dr. H. H. ROSENBROCK of Constructors John Brown 
finds 1959 to have been steady rather than spectacular—with the reser- 
vation that we in this country seem to have been lagging a bit 
Physical Society Exhibition 
Some of the more interesting equipment on show at the 1960 Physical 
Society Exhibition is previewed by CONTROL’s editorial staff 
Linear Tachometry for Machine Tools 
From Manchester College cf Science and Technology, E. J. C. 
FOWELL and A. COWLEY report their findings after investigating 
velocity transducers for machine-tool control 
Getting Over Problems in the Gas Industry—2 


R. E. CLIFFORD of the Gas Council's London Research Station 
concludes his informative article on control in a renascent industry 


Electric Controls on the Britannia—I 
Ultra’s G. M. STURROCK issues a new challenge to the sceptics who 
distrust electricity in the air 

Process Control with Infra-red Gas-analysers—2 


A. E. MARTIN, A. M. REID and J. SMART of Grubb Parsons 
give some examples of the use of these relatively new instruments 


Resistance Thermometry—A 


The tenth in our Electrical Transducers series is contributed by 
K. M. GREENLAND of the B.S.1.R.A. 


Handling Nuclear Data 


D. TAYLOR of Plessey Nucleonics opened the 1.E.E.’s recent dis- 
cussion on this subject. His remarks, and his report of the discussion, 
make an interesting review of the present situation 


Philosophy of an Aircraft Servo Engineer 


General observations made during an R.Ae.S. Branch lecture by 
S. R. Glaze of H. M. Hobson Ltd. 
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LOOKING FOR A JOB? 


control engineering. SEE PAGE 171 AND ONWARDS 


CONTROL carries the best jobs going in instrument and 
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Acomprehensive Analogue Computer 
installation — staffed by experienced 
analysis, programming and operating 


personnel—is now being established 
at the Solartron Research and 
Development Laboratories at Dork- 
ing, Surrey. Complete with full 
ancillary equipment, this installation 
will be available on a hire basis from 
late January. 


The computing equipment installed 


consists of Solartron ‘SPACE 30’ 
general-purpose analogue computers. 


These highly-flexible, non-linear com- 
puters are based on the latest 
techniques in this field and provide 
the highest possible performance 


available today in medium-capacity 
units. 


Full details of capacity at this—the 


first Analogue Computer Centre in 
Great Britain — including hire rates 
and operating afrangements, are 


available on request. 


RESEARGH SOLART ROM 


THE SOLARTRON ELECTRONIC GROUP LTD. 
Victoria Road, Farnborough, Hants. | 
Telephone: Farnborough (Hants) 3000 
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INTROVIEW 


eddy-current 
NON-DESTRUCTIVE TESTING 


for the inspection and testing of non-ferrous metals 







Suitable for use on 
Production Testing 
and 

routine or special 
plant inspection in service 


The “ Introview”’* equipment is now available with a 
high-frequency converter which can be switched easily over 
a range of frequencies to provide for: 

@ Testing of stainless steels 

@ Baffle elimination 

@ Inspection of thin wall tubing 

Please write for detailed technical brochure: 


S P E R R 7 GYROSCOPE COMPANY LIMITED 


INDUSTRIAL DIVISION 
Great West Road, Brentford, Middlesex 


TELEPHONE: ISLEWORTH 1241 


* The “ Introview” equipment is manufactured by Sperry under licence 
from I.C.I. Limited 
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Printed 
Circuit 
Counter 
Panels 





50kc/s Scaler 


; 1Mc/s Scaler 
A complete range of transistorized counter 


: : input Amplifier 
panels of common size, fixing method 


, , ; ‘ Gate Unit 
and electrical connexion, designed to provide 


a flexible unit system 10kc/s Oscillator 


whereby any special requirements er 


in the counting or data processing fields Power Sas 


can be quickly built up. 50kc/s Read-out Scaler 


I1Mc/s Read-out Scaler 


A fully illustrated brochure giving @ Gheneet Guinnet wet 


complete performance and s 
Read-out Unit 


specification figures for : 
Meter Display Unit 
every panel in the range is 
Lamp Display Unit 
available on request. 
Numerical Indicator Tube 
Shift Register Stage 


Shift Register Driver 


RANK CINTEL LIMITED 
Worsley Bridge Road: London: SE 26 
HiTher Green 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4. 
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This machine is capable of sampling 
events at a rate of one every 160 


milliseconds and recording such analogue 





events in digital form on Creed 

paper tape. 

These events can be of any form, 

from variations on 132 kV. power lines 
to the flexing of surfaces detected 

by strain gauges. 

This wide range can be accommodated 
by using suitable extra translators 
which convert the events to a voltage 
range of 0 to 100V., the normal input to 
the converter. 


The MICROCELL [xixlefe)sipixle 


ANALOGUE-TO-DIGITAL 
CONVERTER 


SPECIFICATION POWER REQUIREMENTS 
* Type A 12— 12 Normal 240V. A.C. single phase 50 cycles 
»» A24—24 at 1.5 kW. 
Number of channels " A 48—48 
+» A%—% 


Alternative |110V. D.C. 


(converter exra) 
Sampling rate— 160 milliseconds per channel. 


Maximum decimal digit output rate—25 per second. 
Output code—International Teleprinter, or to order. 
Analogue to digital overall accuracy— + 1% 

Normal input range—0-100V. D.C. 

Input resistance— 1! megohm. 


Alternative 24V. D.C. 
(converter extra) 


* A greater number of channels can be made available to customers special requirements. 


MICROCELL ELECTRONICS 
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Amachine to crack a nut, any nut, any size, any thickness of shell—a bit unwieldly perhaps, a bit heavy, 
but it would positively do the job. Inventors of yesterday, with all their technical limitations, often 
showed surprising ingenuity in overcoming their mechanical problems. 


SOLENOIDS 


Today, when the problems are so much more complicated, the 
solution is often much simpler—get in touch with Varley’s. 

If your problem is pushing, pulling, punching, prodding, ata 
distance or automatically, the answer, proved many times in 
many fields, is a Varley Solenoid. 





















Type ‘C.M." (Illustrated) 





A robustly constructed solenoid for industrial applications, supplied to pull or thrust 

3 lbs. to 32 lbs. through }” to 2?”, depending on rating. Can be supplied with built-in 
Terminal Box and Contact Cooled Rectifiers for continuous rating on most A.C. Voltages. 
This range is C.S.A. approved. 


Vor full details of Varley Solenoids, write for Illustrated Catalogue S.3. 


OLIVER PELL CONTROL LTD 


CAMBRIDGE ROW, BURRAGE ROAD, WOOLWICH, LONDON S.E.18 TELEPHONE: WOOLWICH 1422 
Telegrams: Olipel, London S.E.18 TA 2667 
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When you buy Motor Starters—— 


YOU PAY FOR OVERLOAD PROTECTION 


Only ONE-PIECE Overload Relays give 
100% Protection. Only with ONE-PIECE con- 
struction can you know you’ve installed the heater 
























correctly. Only with ONE-PIECE construction can you 
know the heater is exactly centred, or properly 
positioned, so that it performs according to its rating. 
Only with ONE-PIECE construction can you know 
your motors have full protection. 

Only Square D has ONE-PIECE Con- 
struction. ONE-PIECE construction eliminates any 
possibility of heater misalignment. Square D melting 
alloy thermal overload relays can be installed only one 
way. They are tamper-proof. They are factory-assem- 
bled, are individually calibrated and tested. Repeated 
tripping will not affect accuracy. 


Insist on Square D melting 
alloy thermal overload relays 
CONTACT YOUR LOCAL 


FIELD OFFICE FOR FULL 
DETAILS. 


Heat-responsive element Heat producing element individual factory inspection of every Square D melting 
(solder pot) provides accurate is an integral part of overload alloy thermal overload relay means performance you can 
unit. It’s permanently joined trust. Each unit is calibrated and thoroughly tested to make 
response to overload, yet pre- to solder pot, can’t become sure it will perform according to its rating. 
vents nuisance tripping. misaligned. 





Leaders in Control Gear for over 50 years. 
EC & M Heavy Industry Electrical Equipment .. . Now a part of the Square D line 


SQUARE J) LIMITED 


CHENEY MANOR SWINDON WILTSHIRE 
Square D products are stocked by leading electrical wholesalers throughout Great Britain. 
ane FIELD OFFICES — LONDON * BIRMINGHAM * MANCHESTER * GLASGOW ° WEWCASTLE °* ~~ BRISTOL * LEEDS 
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The world’s ee } 


Sinestaulita JOR WD) LTD as 5sos” 


connectors 


—IN SUB-MINIATURE, MINIATURE 


AND PRINTED-CIRCUIT RANGES SERISS <S0StEE: kai 


manufactured under licence from 


Winchester Electronics Inc., U.S.A. | 
* 


GOLD-PLATED CONTACTS SERIES ‘SM’ 
made from spring-tempered phosphor-bronze 
provide 
low contact-resistance, prevent corrosion 
and facilitate soldering 


* 
MINERAL-FILLED 
MELAMINE MOULDINGS 


provide 
high arc-resistance, high dielectric 
and mechanical strength 


NOW AVAILABLE 


TYPE D2 
TWO-POLE STACKABLE CONNECTOR 


* Alternative contact arrangements  Self-polarising stacks 
* 0.3” centres for 0-1” Grid applications 


PERL R REOPEN PLEIN ELLE LEH 0 SRE PASS 


Catalogues on request : 
ELECTRO METHODS LTD. Electrical Connector Div. 
HITCHIN STREET, BIGGLESWADE, BEDS 
Telephone Biggleowade 2006 (3 lines) a SERIES ‘BK’, ‘BKM’, ‘K’, ‘KM’, ‘KKM’ = 
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Special Featured. 


® Reliability at high 
temperature. 


High power to space 
ratio. 


Very high rectification 
efficiency. 


aa 


SILICON 
FERRANTI LTD * GEM MILL ‘ CHADDERTON * OLDHAM * LANCS * tei: main 6861 SO a 


LONDON OFFICE: KERN HOUSE, 4, KINGSWAY, W.C.2. Telephone: TEMple Bar 6666 DEVICES 
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We have reduced the prices of 

our Micro-alloy Diffused-base (MADT) 
and Medium-speed Switching (MSS) 
Transistor families by more than 

One third. 


Write for a price list and see how 
the new figures can benefit 
your current design work. 


Quantity production of these two 
families will begin at Swindon shortly. 





Semiconductors limited 


CHENEY MANOR - SWINDON - WILTSHIRE : 
Telephone: Swindon 6421 2 
$c23 € 


12 Tick No 11 on reply card for further details CONTROL January 1960 


SS ke 








ae 





Shales eB 





" 


ene 


3C23 


1960 








CONTROL January 1960 


The future 


Ree 


printed circuits 





and in the forefront of circuitry stands Bribond 


Industry stands on the threshold of 
a new era, with progress in 
electronics and nucleonics opening 
up limitless possibilities of process 
operation and production control. 
To the designers and manu- 
facturers of the essential equipment, Bribond offers 
specialised production of printed circuits for any form 
of component assembly. 

As pioneers of plastic lamination and experimental 
research in precision circuit printing, Bribond now have 
many advantages which linked to modern line production 
methods result in unsurpassed delivery service and 
reliability. Further, the Bribond prototype department 


can produce the initial circuit from which final production 


IR Il 


























BRIBOND LTD., BURGESS HILL, SUSSEX 


can be planned, within 48 hours or less if a clean circuit 
image is supplied for reproduction. 

Bribond manufacture all forms of the printed circuit: 
gold, silver or rhodium plating, double-sided circuits, 
flexible circuits, flush circuits, resistance and magnetic 
circuits. Component notation, chemical milling and all 
forms of subsequent machining operations can be 
undertaken. 

Your enquiries are invited. Your circuit problems, 
too, are welcomed especially if they pose a challenge 
that may call for the use of special techniques for their 
solution. Bribond offer design 

and drawing office facilities. 

Full details and samples are avail- 


able on request. Se eee 


BON ID PRINTED CIRCUITS 


for Radio, Telecommunications, Electronics, Nucleonics 


Telephone: Burgess Hill 
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T.A.L. NUMATICS 


multiple mount manifolds 







C. SERIES CONDUIT MANIFOLDS 


The M. Series individual exhaust manifolds have each exhaust passage threaded in one side and/or the bottom, and all cylinder ports 
threaded in both sides and/or the bottom of the manifold .. . allowing the unit to be piped from any side or combination of sides. 


Unused ports are plugged with standard pipe plugs, and the individual exhaust ports allow the use of T.A.L. Numatic Regulating Valves 
for speed control, and/or silencers. A single inlet port is provided to feed all valves in the centre. The H. Series common exhaust 
manifolds have all exhaust passages ported into two common chambers running the length of the unit and threaded at both ends. The 
cylinder ports are threaded in the bottom face only. A single inlet port is provided in centre to feed all valves. The C. Series T.A.L. 


Numatic Conduit Manifold is a convenient way of simplifying the wiring of a group of solenoids. It provides a common electrical 
housing with a single conduit outlet serving all valves. 





The T.ALL. Numatics Multiple Manifold provides a compact streamlined mounting arrangement, where a number of 
valves are used in one installation. They are available in from two to six stations and in four sizes — 4” and }” 
(identical except for pipe taps) }” and }” pipe sizes. All types of valves in any size group may be mounted inter- 


changeably on any manifold station. Blank station plates allow for future additions to the control system .. . without 
disturbing those stations already in use. 


T.A.L. NUMATICS LTD 


ENERGY WORKS, LEIGHTON BUZZARD, BEDS. 


Tel.: Leighton Buzzard 258] Telegrams: “ Consult ” Leighton Buzzard 
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THIS year we are making and 








marketing twenty-one new products 
and among these we hope there will be 


the key to many of your problems. 
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‘ SOUTHERN INSTRUMENTS LIMITED CAMBERLEY SURREY CAMBERLEY 3401 
uzzar 
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THE SERVO MOTOR YOU REQUIRE 






THE AMPLIFIER TO 


vie! 





THE EXPERIENCE & KNOWHOW TO APPLY IT 


<i GLEN OUR EWA GER RR Tita a BS Aaa 


ARE ALL AVAILABLE FROM 


EVERSHED 


Amplifiers — Power Packs — Armature Rectifier Units 
Gear Boxes — Gear Heads — Motors 0.25 to 100 watts output 


Special purpose A.C. motors 12} to 1000 cycles: 
Synchronous motors — General Purpose D.C. Motors 
Brushless D.C. Tacho Generators — A.C. and D.C. Generators. 





Send for Publication CX.301 which gives full details. 


INSTRUMENTS DIVISION EVERSHED & VIGNOLES LIMITED 


ACTON LANE WORKS - LONDON W.4 - _— Telephone: Chiswick 3670 Telegrams & Cables: Megger London Telex 22583 


7mm 
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coell 
FIXED CAPACITOR needs 


in our catalogue ? 


it includes good ranges of the following 


‘ELECTROLYTICS’ 
FOIL AND PAPER ‘BLOCKS’ AND ‘TUBULARS’ 
METALLISED PAPER ‘CANS’ 


‘CERAMICS’ 
(‘TUBES’, ‘DISCS’ AND ‘LEAD-THROUGHS’) 
‘SILVERED MICAS?’ etc., etc. 


Radiospares Ltd. : 


4-8 MAPLE STREET ‘LONDON - WI: ENGLAND 
Telephone: EUSton 7232-9 
TELEGRAMS : RADOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON 
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Flow infinitely variable from 


Aviad Ae eee A= ew 

in zero to maximum 
Capacities 7} to 50 g.p.m. 
Pressures up to 2 S.i, 

HYDRAULIC Hiei 


FIXED DELIVERY PUMPS 


Piston in line type 


sel d VALVES 


Single acting 


E L si 6H © R O N 7 * Double acting 


Relief 


ENGINEERING Reveing 


RAMS 
is provided by the combined resources Sah Se Se 
of:— PRESS TABLES 


For feeding presses for rubber 


Cistcliffe HYDRAULICS LTD, | reece eas curs 


LIFTING GEAR 


and Either stationary or traversing 








WATER PUMPS 


Crankless reciprocating 


Cha VEN ELECTRONICS LTD. cn eels 


hydraulic equipment to suit 
customers needs 


DIGITAL TACHOMETERS 


Sutcliffe Hydraulics and Craven Electronics are specialists in the manu- ELECTRONIC CONTROL 
facture of components or complete installations in the fields of hydraulic EQUIPMENT 


and electronic engineering. 


COUNTING AND BATCHING 
The combining of the two Companies within the Sutcliffe Group now EQUIPMENT 


results in a pool of knowledge and highly skilled experience for the pro- 





PRECISION CHRONOMETERS 


duction of electro-hydraulic systems. 








DISPLACEMENT GAUGES * I 
Whether your needs are hydraulic, electronic or electro-hydraulic. £ 
ude ten TEMPERATURE * | 
CONTROLLERS * | 
VISCOMETERS 

SUTCLIFFE HYDRAULICS LTD. CRAVEN ELECTRONICS LTD om 
: POLYPHASE OSCILLATORS 
SPEEDWELL WORKS, 212 MANNINGHAM LANE, EN 

WHITWOOD - CASTLEFORD BRADFORD I. IERS 
TELEPHONE: CASTLEFORD 3211 TELEPHONE: BRADFORD 29654-5 SELECTIVE AMPLIF § 


ENGINE INDICATORS 


MEMBERS OF THE Siacliffe GROUP OF COMPANIES BEAM SWITCHES 
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rsing 
‘on SLY-ACTING 
suit P 
: This new ETHER TRANSITROL Type 995 
: Controller operates in conjunction with 
y , F a proportioning valve. It offers 
. ia eg continuously-acting proportional control, 
ES IPN a Se es ae ea to very close accuracy, on gas or oil- 
T e M Pp E a ATU RE-C 0 N T a 0 L L e R firing applications and maintains steam 
1ING Sa rs a at a constant pressure under varying 
oats ih wie) ee) 
with manual reset meee 
ERS Ape hs ee Proportional control is also available 
o ere - with the ETHER TRANSITROL Programme 
y * High accuracy Temperature-Controller which indicates 
ow maintenance and controls temperature to a 
i pre-determined tire programme. 
iS 
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TEMPERATURE & PROCESS CONTROL EQUIPM 





Mr. Davis is scheduled to be a bit behind 


For three weeks Control lay buried on Mr. Brown’s 


desk. 


Then Mr. Smithson became interested in a treatise on two- 


group theory that he never actually got round to. That took 


fourteen days. 


Now the real readers will be in possession for months. Mr. 
McDuff, here, has spilt coffee on page 22 and abstracted 


some graphs that specially caught his eye on page 29. 


By the time our magazine reaches Mr. Davis it won’t be 
what it was. Pity—because of all these people Mr. Davis is 
potentially the most brilliant. The sooner he fills in the pre- 
paid subscription card facing page 150 the better. After all, 


a personal copy of Control costs only 3/6 a month. 
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We call them 
REMANENT RELAYS. 


They make obsolete the 
use of hold-on coils and 
contacts and are eminently 
suitable for DIGIT STORE 
and REMOTE CONTROL 
applications. Fitted with 
cores having a high 
retentivity rating, they 
latch-up on receipt of a 
signal and remain so 
without power, until the 
core flux is cancelled. 

Two versions—types 3,000 
and 600. Fitted with a 
variety of coil windings 
and contact assemblies. 
We shall be glad to give you 
full specification details. 


TMC 
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REMANENT RELAYS 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay Division 
Hollingsworth Works 
London S.E.21 

Telephone: GiPsy Hill 2211 
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The type S31 Oscilloscope is an improved 
version of the now famous Serviscope. 


it is extremely compact (Sj}in. x Gjin. x 13in.) 
and has a performance and specification 
unequalled by many much larger instruments. 


The D.C. coupied amplitier (-3db at 6 Mc/s), 
voltage calibration, wide-range calibrated 
time base (‘5 sec. to tp sec. per cm.) and 

a precision flat-faced C.R. Tube are only a 


TE ee ee Teh aac Wr Saar 
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ce 


pane gate 
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MINIATURE GAS VALVE LGM 


At a list price of 30/- this small, 
neat, quality produced solenoid 
valve is outstanding value. For 
pilot and small appliance duty. 
Mains voltage. 


We 
contro 


MAINS GAS VALVES 


Range from }” — 4” with threaded connections, 
and up to 8 flanged. The complete range 
available with reverse action, hand opening, 
high/low, or with incorporated safety switch. 


APPLIANCE GAS VALVE AVG 


Specially developed for gas cooker 
use and suitable for a wide range 
of domestic and other small 
appliances. 


BLACK LEAFIELD -CORSHAM-: WILTS 


AUTOMATIC CONTROLS LTD anew -V: 


il 
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tt — TYPE HA2500 
DIMENSION A 
AS REQUIRED 
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HIGH LAW ACCURACY 


without cam correction 


In this new continuous rotation type HA 2500 
Potentiometer intensive research has made possible 
high accuracy with much improved mechanical 
stability. A precision machined light alloy body, an 
accurately ground ball-bearing mounted spindle - 
a patented design that eliminates cam correction, 
combine to give the following advantages :— 


This illustration 
is actual size 


@ LOWER TORQUE @ LONGER LIFE 
@ REDUCED WEAR @ LOWER COST 


SR IG F eee Cre? Cra Ft Ore 


Resistance range 100 to 100,000 ohms. 
Law Accuracy (Absolute) 0.25% or + 0.10% 

(Independent law accuracy to closer limits) 
. « « @Nd ANOTHER ADDITION TO THE hese Siaiianane ies 
COMPREHENSIVE RELIANCE RANGE ; . : : 
Maximum Ganged Sections Four. 
The TYPE W3 (3 WATT) Maximum Tappings Nine. 


This model conforms with specification DEF-5I2! style 
RVW 7 & 8 (formerly RAC.RAD) and is a fully sealed unit 7 F ‘ : : : 
with integrally constructed moulded cover. Also available Full technical details and dimensional drawings in 
in unsealed version. 


Data Sheet No. 100 available on request. 






Full technical details 
in Data Sheet 
No.9 


If our standard types do not meet your particular 
requirements, our research and development engineers 
are at your service. 

This illustration 

is actual size 


RELIANCE MANUFACTURING CO. (soutHwark) LTD. 
SUTHERLAND ROAD: HIGHAM HILL‘ WALTHAMSTOW" LONDON °E. 17. 


} Telephone No. (and for Cables) LARkswood | / 18/9 
GD.60 
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If you are concerned in any way with Automation % 
Planning, make sure you have a copy of the new 
Amphenol Publication TEC2. Profusely illustrated 
in colour, this new book details a wide range of 
suitable Amphenol Connectors, includes reference 
sheets for contact arrangements and insert 
specifications. Write for your copy now. 


Micro-Ribbon Connectors 
57 Series 


Available in cable-to-chassis and rack and 
panel mounting types. Unique ‘ribbon’ self 
cleaning contacts ensure smooth extraction 
and insertion. 


‘ MinniE’ Connectors 


Quick-disconnect, multi-contact, miniature 
bayonet lock 5m. Available as Plugs, 
Cable and Panel Receptacles in 4 construc- 
tions, 5 shell sizes and 17 insert arrange- 
ments. 


Miniature ‘AN’ Connectors 

165 Series 

A miniature version of the standard ‘AN’ 
Connector for aircraft instrumentation. 
Pressure-proof and completely waterproof, 


mated or apart. Also available with glass 
sealed panel members. 





26 
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AMPHENOL (G¢t. Britain) LTD. 
Victoria Road, Burgess Hill, Sussex 
Telephone: Burgess Hill 85616 (3 lines) 
Telegrams: Amphenol, Burgess Hill 
AMPHENOL-BORG ELECTRONICS CORP., Chicago, U.S.A. 
AMPHENOL CANADA LTD., Toronto 9, Ontario. 
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fasteni 
problem? 
Inaccessible ? Insurmountable ? You think so? You must see Carr Fastener 
—they’ll fix it! Leather to steel . . . wood to wood . . . plastics 
to anything you can think of. If it’s attachable, Carr have the ‘know-how’. If it’s 
something that’s never been attached before, they will find a way. 
Be secure at all times with Carr Fastener. 
Stapleford, Nottingham. Phone: Sandiacre 3085 
London: 195/197 Gt. Portland Street, London, W.1. Langham 3253-5 
Manchester: 50 Newton Street, Manchester, 1. Central 4057 
Birmingham : Silhill House, 2235 Coventry Road, Sheldon, Birmingham 26. Sheldon 5208-9 
y Glasgow: 13 Queen Street, Glasgow, C.1. City 3202 


SARE ATEN BAREIS NEO 
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Type 201, che newest precision wirewound 
resistor can be plugged into an Electro 
Methods type D2 socket. Gold-plated phos- 


phor bronze pins ensure strength with 





: consistent low ohmic contact resistance, 
Type 201 g while the tough resin encapsulation will 


withstand extremes of temperature and 


for high precision resistors 








The standard range of Rivlin precision 
resistors are eminently suited to all 
applications requiring great accuracy, 
stability and low temperature coeffecient. 
Supplied to any tolerance up to + 0.1% 
of the nominal value, or 0.010, which- 
ever is greater. 





RIVLIN, the name behind the resistors 
Type PC.301, the miniature precision 7 preferred the world over for their 


resistor designed specifically for printed ‘, accuracy, reliability, craftsmanship and 
circuit use. Phosphor bronze pins, "SS, 


spaced 0.3” to suit the standard Printed Pp peamge aetivery. 
Circuit module, are silver finished for 

ease of soldering. The PC.301, which is 

unaffected by extremes of temperature 

and humidity, is designed to match the 

rapid development of modern Printed 

Circuits. 


RIVLIN INSTRUMENTS LIMITED 


Doman Road, 
Camberley, Surrey. 
Tel: Camberley 2507/8 
London Office: Tel: 
Swiss Cottage 3028 








ELECTROWIC ENGINEERS 


2621 
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Great advance in rak design! 


Imhofs new, modular Imrak series fills 
an outstanding need for a completely 
universal and flexible rack system. 
The new meak International Rak is 
easily adapted for sealing, ventilating. 
moving or baying-up. It can carry 
British, American and Continental 
fixings. It packs flat for easy storage 
or transportation. Infinitely adjustable 
inside frames are available which, 
with four plan sizes, give maximum 
flexibility. There is a choice of normal 
front panels, one-piece front panel or 
recessed front panels with removable 


yr S door. Panels can also be fitted at the 
rear. Side doors, too, are removable. 

Yn A range of heights is available. 

il The new International Rak is made in 

y; any of five standard finishes on very 

t. quick delivery. Other finishes to 

Yo special order. Send for full literature 

be 


NEW imrak intern 


‘esistors 
r their 
lip and 





§ The strong, concealed |ift- 2 The quick-release mechan- 3 Provision for fitting castors, 4 Pre-punched holes  per- 
off hinges, of patented design, ism allowing the rear door to obviating the need for mobile mitting speedy, accurate 
on the side doors be lifted easily off its hinges bases baying-up 


yO I xeric 251 


Alfred imhof Ltd., Dept. 01, Ashley Works Cowley Mill Road, Uxbridge, Middx. 


f Export & London Showrooms: 112-116 New Oxford St., W.C.1 Museum 7878 

. IMHOFS AGENTS OVERSEAS 

‘ Australia: Aladdin Industries (Pty) Ltd, Denmark: Tage Schouboe, New Zealand: |marex Ltd, Auckland C3} Switzerland: Walter Blum, Zurich 2/39 
es Stanmore NSW Copenhagen N Norway Birger Christensen, Oslo U.S.A.: Bud Radio Inc, 

e Belgium: Rogelec, Ghent Finland: Oy Scienta Ab, Helsinki Portugal: Projectos e Construcoes Lda, Cleveland 3, Ohio 

& s Measurement Engineering Ltd, Germany: Sunvic Regler GMBH, Solingen Lisbon Brit. Guiana: Davsons Carribbean 
Arnprior Holland: |. Th. van Keijsen, Delft Sweden: Elektroniund AB, Maimo C Agencies Ltd, Georgetown 
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Smoothly and rapidly, Warner Electric Brakes and Clutches are 

taking push-button control of Britain’s industry. These control units 
—standard equipment in machine shops of the U.8.A.— point the elec- 
tronic way to major improvements in numerous types of machines. 
Immediate advantages. Versatile, compact, instantaneous in response, 
Warner units solve starting and stopping problems effectively and 
economically. Furthermore, they have been completely successful on 
applications controlling speed, tensioning, positioning, coupling, 
indexing and rapid cycling. They can be fitted to existing machines; 
they enable new machines to be smaller, faster and easier to operate. 


Take the quickest step to increase your production—ask today 
about Warner units. Full technical advice is always available. 


act like lightning / 


Wearner Electric 


| 
2 


TAKE THE LEAD) 
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C brakes & clutches 


Furnival guillotine controlled 
electrically by Warner 
Brakes and Clutches 


This high speed carpet spinning 
machine is controlled by a 
Warner 1000 Electric 
Clutch 


Warner Electric Brakes and Clutches are manufactured in Great 
Britain under licence by: 


ST. HELEN’S AUCKLAND, CO. DURHAM 
Telephone: West Auckland 551/5 
2 Telegrams: Solenoid, West Auckland 
§ London: 2 Ashley Place, Carlisle Place, London, $.W.| Telephone: ViCtoria 7301/2 
Birmingham: 7 Newhall St., Birmingham 3 Telephone: Central 3901 


Westool also make: A.C. and D.O. Solenoids, Coils and Coil Winding Machines, 
Transformers, Small Motors, Control Gear, Air Conditioners, etc. 


TIB/124 


LET WARNER ELECTRIC BRAKES AND CLUTCHES TAKE CONTROL 
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business... 


AN IMPORTANT SECTION OF THE 
ORGANISATION 
MAINLY CONCERNED WITH MACHINED 
REPETITION WORK, IN A WIDE RANGE OF 
CONVENTIONAL AND NEW MATERIALS 
SERVING ALL SECTIONS OF INDUSTRY 





























Telephone: CLE 3271 
DELANCO WORKS 
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Bread and butter 


In addition to extensive development work in the fields 
of new materials and methods for the electrical and 
mechanical industries, The Delanco Company, has at 
the same time, to keep up the supply of a host of 
machined and turned parts, in a multiplicity of shapes 
and sizes, and in materials non-metallic. 


Strength in relation to size, insulation properties, 
drilling and tapping propensities, all have to be 
provided for and in materials ranging from vulcanized 
fibre to glass fibre. 


Washers, grommetts, studs, pins. bushes, spacers, 
rollers, non-metallic bolts and nuts, all are in demand. 
Take a typewriter, a washing machine, a clock, an 
adding machine, and a hundred and one other articles 
in daily use, and sure enough you will find some 
Delanco part doing whatever is required of it 
efficiently—thanks to the technical know-how allied to 


the latest machining techniques and years of experience. 


Delivery and service second to none and a courteous 
and knowledgeable reception to your enquiry. You 


will want to know more about this service, so get in 
touch with DELANCO... NOW... 





LEONARD ST. E.C.2 
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Grams: PROMPSERV, AVE, LONDON 
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Anglo-American Vulcanized Fibre Co. Ltd | 


CAYTON WORKS - BATH STREET - LONDON - E.C.1 
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Put (KE) in control 


wherever you need dependability and accuracy 


Resolving the conflicting demands of precision, compactness and reliability in instrumentation is a 
problem that Kelvin Hughes components can help you to solve. Many components, originally 
developed to meet the exacting conditions of aeronautical applications, are now released for integra- 
tion in specialised instrumentation systems. 


Use this technical advisory service 


Kelvin Hughes specialists are available to advise on the suitability of these components for specific 
applications, and consultation at preliminary design stage will prove advantageous. 


PRESSURE CAPSULES 


Absolute or Differential types are 
available in a wide range of sizes in 
phosphor-bronze or beryllium-copper. 
Also arc-welded types in Ni-Span‘C’, 
Monel, K-Monel, Inconel and many 
Stainless steels. These special types 
can overcome the various limitations 
of traditional copper-alloy capsules 
and technical advice on the best 
possible use of these is obtainable on 
request. 





SOME OTHER KELVIN HUGHES COMPONENTS 


Sine-Cosine Potentiometers High accuracy combined with 
durability. Oil-filled and miniature types, with contacts 
and wire of precious metals. 

Miniature Slip Rings Compact and light in weight. Very 
low frictional torque. Up to 22 ways. 


Instrument Motors A.C. and D.C. Extensive selection 
offered includes governed, induction, synchronous and 
servo types. 

Pressure Transducers With shaft output. Precision types 
with force balance principle for measurement and control. 


Please write for further details 
KELVIN HUGHES Components for Instrumentation 


KELVIN & HUGHES LIMITED - NEW NORTH ROAD - BARKINGSIDE - ESSEX 


TGA KHOSR 
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A matter of \— balance! 


The Massicore transformer on the right is very 
closely balanced to operate comparison bridge from 
50~ mains. Primary electrostatically screened— 
200/250v. 50~ Secondaries. Two 40v. centre- 
tapped windings one also tapped every volt. 
Loads 20022 to 1,0002. 

PHASE SHIFT PRI/SEC. 20 MINUTES MAX. 
SEC./SEC. 10 MINUTES MAX. TAPPED AND 
UNTAPPED SECONDARIES TO BE IDEN- 
TICAL AS TO LEAKAGE REACTANCE, 
D.C. RESISTANCE AND CAPACITY AND 
BALANCED WITHIN 0.1% ABOUT THEIR 
CENTRE TAPS. NO VOLTAGE TO DIFFER 
BY MORE THAN 0.4% OF NOMINAL FROM 
NO LOAD TO FULL LOAD. 

We have had over a quarter of a century’s ex- 
perience designing and building transformers for 
unusual applications such as this. 


If you have a transformer problem, no matter now 
complicated or simple, send it to 


THE LITTLE FACTORY 
WITH THE BIG REPUTATION 


SAVAGE TRANSFORMERS LIMITED 
NURSTEED ROAD, DEVIZES, WILTS 


Tel: Devizes 932 
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oscopes 
vas almost 
electronic 

fagesible precision 
Ofevery industry, 
br-cars or sputniks; 


At of the past decade has 
FO the obvious—that the oscillo- 
Td measuring instrument of every 
ADVANCED ED Mant not just in the “back room”, as 
AurOMmiatically accepted as the micrometer, the weighing 

balance or the thermometer. 
LE AND SERVO INVESTIGATIONS Overleaf we have presented ten outstanding oscilloscopes of 
the Solartron range in a form which we hope will be helpful 
FIELD AND SERVICE USE in deciding the right model for your field of activity. But 
remember too, that expert advice is freely available from 
G EN ERAL- PU RPOSE Solartron, who make more ’scopes than anyone in Europe. 


SOLARTRON COMPANIES OR AGENTS IN ALL PARTS OF THE WORLD. 





HOW TO CHOOSE YOUR 


5 TORN A RON 


OSCILLOSCOPE 


Please remember that skilled Solartron 
applications engineers are available at all times to scope 
advise on the best ’scope to use on your specific — the ee 
research or production task. Our Instrument time and am 
Sales Division at Thames Ditton will 
record your enquiry for immediate of DC to 12 Me/s. 
action. Ring EMBerbrook 5522. (London). 


BARN Ha sed 


Ha CD 643$ GD 5238.2 


E BASE RANGE : 

». expansion) 
.02 “Seccm— 
Sec/cm. 


BRATION ACCURACY : 
0%, velocity. 
amplitude. 


ocket for power probe. 


ccess to plates. 
0.5 Sen. signal delay. 


SUL 


ara 
PURPOSE 


QD 910 


DTH: 

1Me/s (¥; and ¥2) 

NSITIVITY : 
/centimetre. 
ant bandwidth. 

SE RANGE : 
/cem—10 Sec/cm 

CALIBRATION ACCURACY: 


5 50 velocity. 


cine. 


.B. TRIGGER DELAY : 
10 Sec to 100 Sec. 


| 

| 

lt 

| 

| 

| Push-button or auto- 
| erase time is 0.2 Sec. 
| ‘Z'modulation input. 
| Triggering from ext., 
int., or push-button, # 
| ' 
| 

| 

| 

| 

| 

| 
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BANDWIDTH : 

DC to 1 Mc/s. 
WAX. SENSITIVITY : 
| 3 mV/centimetre. 


imetre. 
andwidth. | SENSITIVITY AT 
| MAX, BANDWIDTH : 


 (¥; and Y9), 
ITY: 


NGE : 
ol ceue: 
\CCURACY: Hine. expansion) 
co | 0.1 »See/em—1 Sec/em. 

; | CALIBRATION ACCURACY : 
a | 10% velocity. 

" | 5% amplitude. 
‘dice | ADDITIONAL FACILITIES : 
! Power output for 
is 0.2 See : ancillaries. 
= input. ! Long-persistence tube 
rom ext., with flare suppression. 
dienes | Direct access to plates. 
| 









UE 


BANDWIDTH: - 
0.9 c/s to 9 Mc/s 
to 12 Mc/s (6 db). 
MAX. SENSITIVITY : 
40 mV/centimetre. 
Constant bandwidth. 
TIME BASE RANGE : 
(inc. expansion) 
0.02 uSec/c 
0 


.01 Sec/cm. 


CALIBRATION ACCURACY : 
5% velocity (marker 


pips). 
5% amplitude. (50 c/s 
substitution). 


Weight only 42 Ibs. 
(20 kg.) 
6-centimetre picture 
at 9 Mc/s. 

Integral TV sync. 
separator. 


SUL 


aa 
mites 





Quality—take the 6D 7118.2 





CD 518/CD 568 


| 
| BANDWIDTH : 
DC to 5 Mc/s. 
| MAX. SENSITIVITY : 
| 0.4 V/centimetre. 
| SENSITIVITY AT 
| MAX. BANDWIDTH : 
| 10 V/centimetre. 
| TIME BASE RANGE: 
| 0.1 »Sec/em—t10 
| mSec/cm. 
| CALIBRATION ACCURACY : 


GD 513.2 


| 
| BANDWIDTH : 


| 
| 
| 
| 
| 


DE to 10 Mc/s. 
MAX. SENSITIVITY : 
1 mV/centimetre. 
SENSITIVITY AT 
MAX. BANDWIDTH : 
10 V/centimetre. 
TIME BASE RANGE : 
(inc. expansion) 
0.025 uSec/cm— 
0.1 Sec/cm. 


| 60518: 1 «Sec and 10 | CALIBRATION ACCURACY : 


uSec markers, 
Accuracy 2%. 

1 “Sec sinusoid, 
Accuracy 1%. 

CD 568: Sinewaves at 1, 
10 and 100 Sec periods, 
Accuracy 1%. 

2%, Amplitude (by 
meter). 


0.6 «Sec delay line. 





T.B. delay 0—10 mSec. 
Designed for field use. 


5% velocity. 
5, amplitude. 


Access to plates. 
TV sync. input. 
Socket for power probe. 


for example 


Adopted for use by the 
British Armed Services 
and by NATO, the 
Double-Beam CD 7118.2 
is a typical example of 
Solartron’s adherence to 
precise manufacturing 
standards. With stability 
of performance assured 
by components which 
meet Spec. DEF 5000, 
backed by generous yet 
functional construction, 
the purchaser of a 

CD 711S.2—or indeed 
any Solartron oscilloscope 
— is assured of a fine 


investment. 





how to capture a transient... 


UE tee a 


This latest, important addition to the Solartron oscillo- TRY Aah ah 
scope range represents a significant advance in detailed 

examination of “‘once-in-a-lifetime” phenomena. The I IPQ 

has already been ordered in quantity for use in 

Kingdom Atomic Energy Establishments apg 

recognised as the leading tool for analysis 

phenomena. The versatility of th 

eliminates the need o time 


IPO has a veiling : 
(8 uSec/cm) with an era 


*Y:’ and ‘Y2’ channels 2 INSTANT 


sensitivity of 10 mV/cm 
plotting ‘X’ and “Y’ ampl 
between 100 mV/cm an ERASURE AS 


provides seven basic de 
10 Sec/cm, each of which REQUIRED 
times between xl and x 


SOLART 


DIRECT SIGNAL AND VELOCITY CALIBRATION 


THE SOLARTRON ELECTRONIC GROUP Ltd. - Thames Ditton - Surrey - England - Telephone: EMBerbrook 5522 
THERE ARE SOLARTRON COMPANIES & AGENTS THROUGHOUT THE WORLD 



































INSTANT SPEEO CONTROL 


for Small Low-cost Electric Drives... 





oo ki 


These drives have been developed to 

meet the demand for small low-cost drives 
capable of instant speed adjustment. 
Hitherto, these drives have required either 
special motors or relatively complex 
control gear, both of which require 
appreciable maintenance. The VARIMAG 
drive contains the absolute minimum of 
components needing attention or 
replacement, requirements which are met 
by the use of a standard D.C. motor 

and a magnetic amplifier control unit with 
a small hand-operated potentiometer 

to give complete speed control 
over the whole working range. 


NT 
URE AS 
IRED 





SPECIAL FEATURES 


Standard: Optional: 

No moving parts. Pushbutton control. 
Instant direct on line starting at any load or speed. Reversing. 

Smooth controlled acceleration to any pre-set speed. Remote control. 

Low installation cost. Dust-proof enclosure. 


Minimum maintenance. 
Level speed characteristics. 
Not affected by temperature changes up to 40° C. 


LANCASHIRE DYNAMO NEVELIN LTD 


(RECTIFIER DIVISION) 
HURST GREEN, OXTED, SURREY ° TELEPHONE: OXTED 336! ° TELEGRAMS: NEVELIN, OXTED 
NR9 
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with these 
OUTSTANDING FEATURES 


EXTREME SENSITIVITY 
accurate measurements are possible 
down to 100uV. 


WIDE VOLTAGE RANGES 
Im¥V. to 300 Volts F.S.D. 


WIDE FREQUENCY RANGE 
15c/s to 4.5Mc/s 


METER SCALE CALIBRATED 
IN VOLTS AND dB 


CAN BE USED AS A NULL 
DETECTOR AND INDICATOR 
FROM 10c/s to 10Mc/s 


CAN BE USED AS AN 
AMPLIFIER FROM 
I@c/s to 10Mc/s 


INCORPORATES ITS OWN 
H.T. STABILIZER 


SMALL COMPACT SIZE AND 
ROBUST CONSTRUCTION 


at this price... 


LO oc ovr 


(including very low capacity screened leads and 
probe) 


with this backing... 


Behind this, the most modern instrument in its 
sphere, is that specialist instrumentation skill and 
experience which has earned for all ‘Advance’ pro- 
ducts a reputation second to none throughout the 
Industry. From our up-to-the-minute factory at 
Hainault comes this latest addition to the world- 
famous ‘Advance’ range of instruments. 


Fud/ technical details of the‘ Advag’ 
in Leaflet G50 


A VALVE VOLTMETER 


* 
oS 
ey ae a 


oe “—v> y- 


Size : 43” x 74" x 62” 


Weight : 7 Ib. 


Advance COMPONENTS LIMITED 


eee INSTRUMENTS DIVISION Jd 
ROEBUCK ROAD + HAINAULT « ILFORD + ESSEX TELEPHONE : HAINAULT 4444 
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The specialised equipment shown in our illustration is 
housed in Hassett & Harper Cabinets at one of the 
Authority’s Establishments. 

We are proud to include the Authority in our list 
of distinguished customers, and to have co-operated 
with their engineers in this project. 

Whoever our customer may be, we operate with a 
dual aim : to supply his exact requirements and to 
maintain Hassett & Harper standards at a consistently 
high level. From initial consultation, through detailed 


development to completion of a precision-made job 
delivered on time, our engineers will display lively 
and interested co-operation. 

The standard range of Hassett & Harper Cabinets, 
variable in a wide combination of ways, meets most 
requirements, while a custom-built ‘special’ can meet 
any requirement. Ministry K114 Standard is regularly 
adhered to. 

You should have details on file. May we supply 
literature ? 


Hassett é Marper Lid 


REGENT PLACE, BIRMINGHAM, 1 


LONDON SHOWROOM : 1 GREAT CUMBERLAND PLACE, LONDON, W.1. 


TEL. CENTRAL 6418 


TEL. PADDINGTON 4691 
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PNEUTOMATION 


for accurate 
control 



































No matter how complicated the 
sequence of industrial processes, / 

: j 
Lang Pneumatic Control 


equipment eliminates human 


error, and operates continuously 


mee 


to predetermined standards of accuracy. 


Every item of Lang Pneumatic Control 
equipment has been proved over and 


over again in tests and in actual use. 


i ELL LN OAS NES LPN 1 Fy 


Design, workmanship, and choice of 
materials ensure long service, 


freedom from trouble... 


eae! 


ES |) Wes 


* 


and consistent accuracy. 


PNEUTOMATION 
CANNOT FORGET 
PNEUTOMATION— 


ENERGY UNDER 
CONTROL 


myon's 





Mr. Squinch says: : 
Don’t monkey around with production problems: 
consult Lang Pneumatic. 


meu 


rien 


Write to: 


Lang Pneumatic Ltd 


(ASSOCIATED WITH DESOUTTER BROTHERS [HOLDINGS] LTD) 


OWEN ROAD - WOLVERHAMPTON Tel: Wolverhampton 25221 /2/3/4 


P3642 
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Above: Series ‘C’ Helipot, two gang unit, mounted on 
a large control valve at the Rolls-Royce Altitude Test 
Plant, Derby. These potentiometers ensure an accurate 
and fine control of temperature and pressure in the 
engine test cells, corresponding to the desired altitude 

conditions. 


Helipots provide reliable, long-life operation, embody- 
ing 15 years’ continuous improvements in design and 
manufacture. 


Beckman: 


Sales and Service, England and Wales:- 
WINSTON ELECTRONICS LTD 
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The Rolls-Royce Altitude Test Plant at Derby 
uses Beckman /Helipot Potentiometers 


exclusively 
for valve position control and 
generation of control signals. 


Fn 


4 ~ 


ee 


Beckman/Helipot precision wire-wound helical potentiometers offer: 
superior resolution . . . superior linearity—continuous test on produc- 
tion . . . low noise—all pots tested to close specification . . . wide 
ambient temperature range ... low temperature coefficient . . . long 
life . .. and can be supplied with multiple taps welded to individual 
wire turns, without reducing resolution. 

We shall be pleased to discuss your applications and advise suitable 
types. All British-made Helipots can be supplied at competitive prices 
from stock, in a wide range of resistance values. 

Special requirements can be met to order. 

Write for data sheets to Dept. C2. 


Instruments Limited 


Glenrothes. Fife. Scotland 
Tel: Glenrothes 551 Telex: 72135 


Govett Avenue, Shepperton, Middlesex, Walton-on-Thames 6321 
yo422 
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A NEW CONCEPT {VY POT CORE DESIGN 
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@ Wide range of sizes Mullard Vinkors are the most efficient 

adjustable pot core assemblies com- 
& Easily assembled mercially available. In addition to high 
performance, they have the distinct 


NENT AEE 


advantage of close tolerance permea- 
@ Close tolerance 


a bility, thus enabling designers to 
permeability 


oan tae 


precaiculate to within +3% the induct- 


ance of the core when wound. Final 
@ Precise and easy 


adjustment, taking into account normal 
inductance adjustment 


capacitor tolerance, can be easily 


effected to an accuracy of better than 


e Stability 0.02%, by means of asimple self-locking 
device bullt into the core. 

@ Single hole chassis Write today for full details of the wide 

mounting range of Vinkors currently available. 


SY ERE 7” 


Mullard 


VINKOR POT CORES 


~ 
Cas MULLARD LIMITED - COMPONENT DIVISION - MULLARD HOUSE - TORRINGTON PLACE - LONDON W.C.1 
MC280 
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Safety/Relief valves are chosen for 


». PERFORMANCE 
. ADAPTABILITY 
MAINTENANCE 


Lower priced valves can be produced which will “do the job”, but will their performance, reliability, adaptability and 
maintenance requirements keep operating and maintenance costs and shut-down time to an absolute minimum ? 





CROSBY DESIGN—The Crosby JO & HS Full Nozzle, Full Lift Relief and Safety valves are the only valves having 
both easily adjusted, two ring control and truly flat seats on. both disc and nozzle. 


HIGH PERFORMANCE - Safety /Relief valves rely on fluid kinetic forces just as much as static pressure for correct 
operation. Without an adjustable guide ring to vary the secondary orifice to suit different fluids the secondary 
orifice contours would have to be individually machined to suit each application for optimum performance and 
cannot be expected to be completely satisfactory on fluids other than that for which the valve was ordered. 


WIDE ADAPTABILITY—The adjustment possible with the Crosby two ring control enables optimum performance 
of pop, lift, capacity, blowdown and shut-off to be readily obtained on all fluids, thus providing complete adapt- 
ability. 


EASY MAINTENANCE—The perfectly flat seats on both nozzle and disc can very easily be resurfaced when necessary 
without the necessity of critical control of seat widths and angles ; in fact the tools can easily be taken to the valve; 
it does not have to be taken to the tools. 


The Crosby one-piece disc can be resurfaced many times without costly replacements. Also any dimensional 
changes due to resurfacing can easily be compensated for by ring adjustment, ensuring optimum performance. 













BLOWDOWN CONTROL 
Guide ring accurately adjusts to re- 
quired blowdown by changing the 
reactive forces of the various flowing 
media. Blowdown adjustment is inde- 
pendent of pop action. 











FLAT SEATS 
Both nozzle and disc seats are com- 
pletely flat and easily resurfaced if 


Niger without replacement parts. 


POP ACTION CONTROL 


Adjustable nozzle ring assures sharp 
controlled pop action ... prevents 
long drawn-out warn or simmer 
before popping. 











CROSBY VALVE & ENGINEERING CO. LTD. - WEMBLEY - MIRDLESEX - AlLPerton 2311 


CHWR/3a/59 
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Servo control 


sys ems 
for industry 


Ketay are the specialists in all aspects of remote indication and 
servo control systems. 

Backed by a unique knowledge of synchros, resolvers and similar 
precision components, Ketay design servo systems for indication, 
computation, and control of nuclear or conventional plant. Small, 
lightweight and highly accurate, Ketay servo components and 
control systems are especially suitable for process control over 
a wide range of industries. 

Engineers and plant designers are invited to make full use of the 
technical services and development facilities provided by Ketay 
Limited in this specialised field. 

Synchros Resolvers, Tachometer Generators, Instrumentation 
and Servo Control Systems for Industrial and Military 
Applications. 


Hetay KETAY LIMITED 
. Eddes House + Eastern Avenue West - Romford - Essex - Telephone: Seven Kings 6060 


Overseas Sales Organisation : Plessey International Limited - Ilford - Essex - Tel: Ilford 3040 
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Shorts General Purpose Analogue Computor 


The computor with the widest range of units 


LONGLEAF ITI AAO 


OS REL OEE NE TI 










In service throughout the world 


Linear Function Time swi.ch 


@ Patching without cords 
° i ; ‘ 
Rese Sine- Fast repetitive or continuous solution 
multiplier cosine @ Switch set coefficients and transfer functions 
Discontinueus @ Units quickly interchangeable 
Time delay function @ Display, power supplies, and timing contained within console 





60 
i Write for illustrated brochure and data sheets to: COMPUTOR SALES DEPARTMENT, SHORT BROTHERS AND HARLAND LIMITED 
a 
3040 E East India House, 208a Regent Street, London, W.1 
) xs 
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These are a miniature, fully screened type of 
accelerometer designed and manufactured by the 
General Electric Company of England and employing 
barium titanate ceramic elements. 

Each unit consists of a thin disc of polarised ceramic, 
bonded between two pieces of metal. One piece forms 
the base of the accelerometer and is fitted with a stud 
by which the accelerometer is fixed to the apparatus 
under test. The other piece acts as an inertia weight 
which imposes strains on the disc when the unit is 
subjected to acceleration. These strains induce on the 
disc, electric charges which can be detected as a measure 
of the applied acceleration. The accelerometer is fitted 
with a length of low-noise screened cable for connection 
to the measuring circuit. 

For optimum results, especially at low frequencies, the 
accelerometer should be connected to a high input- 
impedance amplifier such as our pre-amplifier type 
M1201. Either graphited or silicone-lubricated cable, 
32 inches long, is normally supplied fitted to the accelero- 
meter for this purpose. An individual calibration sheet 
is furnished with each unit. 


DATA. (Average Values). 
SPECIFICATION 


Sensitivity: 4 pica-coulombs per g (g is the gravitational 
constant of acceleration) parallel to axis. Capacitance: 170 pF. 
(without cable). Output: 15 mV/g with 32 inches cable. 
Frequency Response: Flat +. 10%, 40 to 10,000 c/s. Temperature 
Range: —50 to + 100 deg. C. Max. Acceleration: 1000g. 
Transverse Response: Not greater than 5% up to 5000 c/s. 
Weight: 18 grammes. Dimensions: 14 ins. long from mounting 
face. +44 ins. across corners of hexagon. 3?” BSF fixing stud, 
} in. long. 


SOUTHERN 
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PIEZO PRE-AMPLIFIER 





This pre-amplifier has a high input impedance and is 
suitable for use with piezo type transducers. The circuit 
employs one miniature valve and four transistors and is 
operated from self-contained replaceable dry batteries. 
The front panel carries input and output sockets and 
a four-position switch, labelled OFF, 1, 2, 3. In the 
numbered positions, the amplifier is switched on and in 
position 1, the maximum gain is realised. In positions 
2 and 3, capacitors are switched in parallel with the 
input to form capacitative attenuators with the self- 
capacitance of the transducer and its associated cable. 


The circuit comprises a three-stage transistor ampli- 
fier preceded by a normal cathode follower valve. 
Overall feedback is taken through the fourth transistor 
to make the D.C. gain small and ensure a high degree of 
temperature stabilisation of the D.C. operating con- 
ditions. The rugged construction of the pre-amplifier 
ensures the minimum response to vibration. The wiring 
is in the form of a printed board and the cathode- 
follower circuit is fully encapsulated. 


DATA. 

SPECIFICATION 

Input Characteristics: Resistance not less than 100 megohms, 
2 c/s. to 20 Kc/s. Capacitance, 20 pF. approx. in max. gain 
condition (Position 1). Output: 1 volt r.m.s. max. Load 
capacitance 1000 pF. max. Load resistance 100 K ohms min. 
Gain: x 40 approx. Frequency Response: 5 c/s. to 15 Ke/s., 
10% down. 2 c/s. to 30 Kc/s., 30% down. Attenuator shunt 
capacitance: Position 2: 1000 pF. Position 3: 4000 pF. 
Batteries: Mallory SKB768 (10 off). Battery life: 200 hours 
approx. Size: 3j x 2} x 44 ins. (9°8 x 5°7 x 11°4 cm.). 
Weight: 1 Ib. (0°45 Kg.). 





INSTRUMENTS 


DATA HANDLING AND RECORDING DEPARTMENT OF SOUTHERN INSTRUMENTS LIMITED CAMBERLEY SURREY ENGLAND. TELEPHONE: CAMBERLEY 3401 
TR AS TTT a as ae 
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PAINTON Miniature Vitreous Wirewound Resistors 
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Resistance 
Range 
ohms 


Up, Protected by Patent Nos. 626128 & 575279 


* Fully Type Approved to RCS ii! 


“gS * Top Quality ~*~ Quick Delivery 


Painton &Co Ltd * Competitive Prices 
KINGSTHORPE = NORTHAMPTON A/a speciky Gunton Wrenounde 


Tel: 32354-7 Telegrams: ‘Ceil Northampton’, 
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Grade | Size 11 Control and 
Torque Synchros. Full range 
includes 7 terminal high 
and low impedance 
Control Resolvers. 















SIZE 10 SERVO MOTOR 


High performance, two-phase 
induction-type servo motor for 
thermionic valve or germanium) 
silicon transistor operation. 








SIZE 10 MOTOR GENERATOR 


Motor Generator Type R. 807 for 26 
volt operation or with 20 volt centre- 
tapped control winding for 
germanium/silicon transistor 
working. 


MAGNETIC 
AMPLIFIER 


Hermetically sealed high 
power gain amplifiers for 
Sizes 15 and 18 

servo motors and 

motor generators. 






TRANSISTORISED 
SERVO AMPLIFIER 
TA.IG 


Miniaturised 
resin-encapsulated 
germanium transistor 
amplifier for driving Sizes 
10 and I1 induction type 
servo motors. 


In many fields of application, precision in measurement 
and control is essential. The range of Pullin and Pullin- 
Kearfott servocomponents—a selection of which is 
shown here—are designed and engineered to perform 
that vital service. Remember “Pullin for precision”, and 
write or telephone us for further information. 

Systems Engineering. A Control Systems Division has 
been set up especially to provide design, manufacturing 
and technical advisory assistance to engineers engaged 
in servo work. If you have a problem regarding servo- 
components, mechanisms and integrated systems, our 
experts will gladly advise. 





SERVO GEARBOXES 


A unique gearbox service 
designed to provide at 
economical prices and in prototype 
or production quantities precision 
gearboxes for use in a wide range of 
servo applications 


SLES TEIN 


|S SE RETO 


IRE IPF 





R. B. PULLIN & CO. LTD. 


PHOENIX WORKS GREAT WEST ROAD BRENTFORD MIDDLESEX 
Cables: PULLINCO-WESPHONE LONDON Telephone: ISLeworth 1212 
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ELECTRONICS 
for the Aircraft industry 
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DAVY-UNITED 
LOADCELLS 
. 
| 
FOR TESTING ROLLS-ROYCE CONWAY ENGINES | 
; This special test bed installed by Rolls-Royce | 
: Limited at their Hucknall Flight Test Establishment 
| ‘ for the testing of Conway by-pass engines, utilises H 
| Davy-United Precision Mk. 7 Loadcells and 
“Highspeed” indication system for the measurement 
of both forward and reverse thrust. The equipment 
has a speed of response of less than 1 second for full 
scale deflection on a 36” indicator, while an automatic 
scale expansion device allows engine thrust to be DAVY- U N IT E D 
measured from 10,000 reverse to 20,000 Ibs. forward 
with an accuracy of +10 Ibs. throughout an 
EX entire test programme lasting several days. 
biyDU/I DAVY AND UNITED INSTRUMENTS LIMITED, DARNALL WORKS, SHEFFIELD 9 
960 CONTROL January 1960 
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OUR MANPOWER 


In almost every industrial process there is some 
stage where manpower could be cut by the applica- 
tion of fluid power. It is here that our labour can 
prove so labour-saving, since the whole weight of the 
Baldwin Fluid Power Division is directed at cutting 
waste manpower and speeding production. 


BALDWIN TECHNICAL REPRESENTATIVES 


cover the British Isles. They are experienced fiuid 
power engineers, who will quickly show you how to 
harness waste or under-used power by fitting Baldwin 
equipment which, because of its unit construction, 
can be supplied from stock quickly. 


Write now for the Fluid Power Catalogue C/603 


£ 
Re 
Se 
& 


Fluid Power Division 
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THE EXPERT BALDWIN DESIGN STAFF 


at Dartford will plan automation schemes for any 
operation or series of operations up to the largest 
automatic production lines. 


HIGHLY SKILLED MEN 

on the Baldwin shop floor devote their attention to 
producing the superb finish, reliability and precision 
that characterises Baldwin Fluid Power equip- 
ment. There is a standard range of 384 pneumatic 
and hydraulic cylinders and over 700 control valves. 


We have long found that the best way to success is 
to give the best service. At every level, our man- 
power is aimed at increasing production for industry 
—and for Baldwin too, of course! 


A HARPER GROUP COMPANY 





SAVES YOURS! 


Baldwin Industrial Controls 


Baldwin Instrument Company Limited - Dartford - Kent 
Telephone: Dartford 2948 & 6411+ Cables & Telex Baidwin Dartford 


B/3s 
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| Nn... .THORN PLUG-IN RELAYS 
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Thorn Pygmy Power Relay cme 
m Thorn T9 Micro-Switch Relay 
A plug-in relay, particulary suitable 
for switching P.A. equipment, the 
) snap action contacts minimising 
interference with pick-up leads. 
Operating coil wound for any specified 
voltage up to 240 volts A.C. or 150 volts 
D.C. May be tropicalised. 
Up to three micro-switch pattern contacts 
mounted on standard coil frame. 
tm Versions available with up to 11 solder 
i tags or 10 screw terminals. 
j : Contacts: 3 changeover. 
New interchangable relay designed for : Mechanical Life: Over 10,000,000 operations. 
use in remotely controlled automation C/O Time: _C.O. period less than 2 milliseconds. 
units. Has double pole changeover contacts. Max. Switch: 10 amps/240 volts A.C. noninductive load. 
5 Dust proof—transparent plastic cover. Capacity: 0.2 amps/240 volts D.C. , ” 
; 0.5 amps/110 volts D.C. ,, a 9 
Plugs into any standard International 1.0 amps/50 voltsD.C.,, ,, - 
octal valve base. 5 amps/24 volts D.C. ,, ; 
Max. O, t 
| Weight Only 44 ozs ees — : 20 cycles/sec. 
' projection only 2" above base. Switching: Up to 0.1 amp. approx. 20 cycles/sec. 
' Mechanical life over Frequency: are? tas ta ‘a 
10,000,000 operations. » . _" » : a. 
(referred to A.C. non-inductive load). 
Switching current: 5 amps maximum at 
> 250 volts A.C. 
Maximum surge current: 10 amps. 
Operate time: 8 milliseconds approx. 
Release time: 6 milliseconds approx. 
Overall dimensions: 1#” square by 23” 
Coil voltage: 240 volts standard; also 
available for 6, 12, 24, 48, 60, 110 volts 
os 
> ® 
AIRCRAFT COMPONENTS AND CONNECTOR DIVISION 
- | Thorn Electrical Industries Limited, Great Cambridge Road, Enfield, Middlesex. Telephone: EN Field 5353 
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Type 1100 


24 Channel High Speed Recorder 





Also available: 





New Electronic Products Ltd 


MAKERS OF SCIENTIFIC, 


For the analysis of stresses and 
strains, electrical waveforms, 
vibrations, pressures, displacements, 
heat transfers and other physical and 
physiological phenomena 


OTE > 


Up to 24 recording channels 


Eight paper speeds selectable 
by a switch on the front panel. 
Maximum 100 ins/sec 


Viewing screen showing amplitudes 
of traces, in direct relation, during 
recording 


Large range of galvanometers 
available for various frequencies 
(up to 5000c/s) and sensitivities 
(from | cm/0.8 microamps) 


Preset record length and automatic 
record numbering 





Automatic processing and drying machine 
Direct writing ultra-violet recorders 
High temperature-pressure transducers 
Carrier systems 


OKT A A SOM LE * 


MEDICAL AND INDUSTRIAL INSTRUMENTS 


Suppliers of recording instruments and systems to the aircraft and G.W. industries, 
Government establishments, Admiralty, etc., A.1.D. approved 
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Fielden Controllers mounted on the sloping panel of a 
Brown Davidson Moulding Machine 


"BIK INI 


Low Cost—Send for details, you’ ll be surprised. 

Transistorised —Exceptiona reliability. No 
warming up period. 12V Battery or mains 
supply. 

Intrinsic Safety—Low voltage, low current 
operation— Intrinsic safety certificate pending. 

Very Robust—completely sealed unit requires 
no attention, No pivots, galvos or other delicate 
moving parts. 

Easily fitted—simple clamp mounting with 
robust terminals for electrical connections. 
Can be mounted at any angle, for example on 
a sloping control panel. 

Remote control — Instrument can be up to 300 ft 
away from the. measuring point using simple 
copper wiring. Measuring element is of platinum 
resistance type, housed in a robust }” ? Gamates 
stainless steel sheath. 

Heavy Duty Contacts—Change over electrical 
contacts rated at 5 amps A. C. with quick make 
and break action, Pneumatic control available 
if required. 

Accurate calibration—Accurately calibrated 
scale 9” long marked in °C or °F. Easily set to 
required control temperature. 

High stability— Control point will not vary over 
many years service, Unaffected by ambient 
temperature changes or by wide variations in 
supply voltage. 

Wide Temperature range —will control at any 
temperature between —200° C and + 500° C 
with a differential of o.5° C. Range spans as 
low as 50° C. 

Modern and Compact—Circular meter type 
case. Occupies panel space of only 44” diameter. 
Bold pointer shows control temperature. Red 
lamp, visible from sides and front, indicates 
control action. 

Immediate delivery—Instruments ranged 
0-120° C, o-200° C, o-300° C and o-s00° C 
available from stock in Manchester, London, 
Walsall, Stockton and Edinburgh. Otherstand- 
ard ranges in stock at Manchester. Telephone 
your urgent requirements to Wythenshaw 3251 
Trafalgar 3154, Arbortum (Walsall) 55343, 
Stockton 68617 or Edinburgh 32035 (A. R. 
Bolton). 

Write now for full specification sheet BIK. 1C 


: with price list. 
itd | 


In brief, it’s appealing. 
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ET ALS 7 


POORER Da” 





7) RUM ERT 





SEND FOR TEMPERATURE LEAFLETS, ETC. 










FIELDEN ELECTRONICS LTD - WYTHENSHAWE * MANCHESTER Phone: Wythenshawe 3251 (4 lines) Grams: Humidity Manchester Indicating 


ALSO AUSTRALIA, ITALY & CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH & DUBLIN | Recording 
BI 


161 Agents throughout the world Control 
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protects 
flame- 
traps 


from the dangers 
of blow-back flames 


| 


ANCILLARY UNIT waits. 


ENQUIRIES, SALES & SERVICE: 
Combustion 


Safeguard and 
Solenoid Valve 
Division 





Caxton Way, Stevenage, Herts : Stevenage 2110-7 
Tyburn Road, Erdington, Birmingham, 24 : East 0276-8 


Representatives throughout U.K. ; 
agents in all principal countries. 
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This new safeguard, the ETHER Flame-Trap Ancillary Unit, Type 

350, will be invaluable in industries where pre-aerated gas or 
pre-mixed gases are used. At present, a flame-trap is normally 
provided to arrest the flame temporarily when a blow-back 
occurs, but unless it is noticed, the flame will ultimately burn z 
through the flame-trap. 


Now this hazard need no longer exist. The ETHER Type 350 
introduces a detector in front of the element of the flame-trap 
by means of which the supply of gas is shut off, or an alarm 
given, within a fraction of a second of a blow-back occurring. 


SLI LETT 


The Type 350 is foolproof, compact and low in price. It can 
readily be adapted to fit all existing flame-traps. 
Illustrated technical data forwarded on request. 









DOwT Y 
PRESS-TO-TEST 
WARNING LAMP 


for industrial 
control systems 





ABaw& =a aB @ , oo \  . 





® Instant filament checking 

© Wide viewing angle 

© Built-in variable dimming 

® Sealed against dirt and moisture 
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, % ...and it could 
- n happen to you! 


In every factory where there are electric motors, there is the ever 
present danger of fire due to electrical faults such as single phasing 
and overloading — especially when starters are used that do not 
include the protection that is a basic part of the DUPAR TFK Starter. 
Don’t be tempted to economise on a starter that may be a few 


shillings cheaper, but does not include this positive protection. 


THE DUPAR TFK STARTER INCLUDES THE SPECIAL ET PROTECTOR 
= your insurance for complete safety of motor operation 


NY ety 


D EWH U RST INVERNESS WORKS 
HOUNSLOW MIDDLESEX 
& PARTNER LIMITED _ Telephone: HOUnslow 0083 (8 lines) 
Telegrams: DEWHURST HOUNSLOW 





Field Offices at: 


BIRMINGHAM +» GLASGOW - GLOUCESTER - LEEDS - MANCHESTER - 


NEWCASTLE : 


NOTTINGHAM 
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Steel 


For many years the precise control associated with “VSG’ 
variable delivery hydraulic pumps and transmission gears has 
proved invaluable to the Steel Industry. 

Mill and drawbench drives, sawing and measuring tables, 
processing machines and manipulators are a few examples of the 
many applications of ‘VSG’ equipment. 

The Steel Industry is but one of many industries which ‘VSG’ 
has now been serving for over fifty years. 


SERVING MODERN INDUSTRY 


VICKERS-ARMSTRONGS (ENGINEERS) LIMITED - VICKERS HOUSE - BROADWAY - LONDON SWI 
29C 
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“* Just look at this list *.. . RADIOVISOR SMOKE 
DENSITY CONTROL EQUIPMENT MUST 


CERTAINLY DO ITS JOB WELL...” 


* GUINNESS 
FORD 
MONSANTO 
1.C.I. 

ILFORD 
TATE & LYLE 


. . . and these are just a few of the many well-known 
Companies who use Radiovisor Smoke Density Indicators and Recorders 


for efficient combustion and to comply with the Clean Air Act. 


Telephone or write for full particulars to :- 


RADIOVISOR PARENT LIMITED 
STANHOPE WORKS, HIGH PATH, LONDON, S.W.19 
Telephone: CHErrywood 3351 Telegrams: Radivisor London S.W.19 


Cl» 
RADIOVISOR 
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120 tons of steel an hour 


raised to rolling temperatures 
under the control of 
Honeywell instruments at 

the new Brinsworth mill of 
Steel Peech and Tozer Ltd. 
The system ensures desired 
temperature distribution, 
with maximum fuel economy. 


8,700 gallons of petroleum an hour 
processed under Honeywell control at 
the British Petroleum Company’s new 
thermal reforming plant on the 

Isle of Grain. Honeywell instruments 
ensure accurate fractionation and 
good high-octane yields. 


on such a scale 


Honeywell is Instrumental 


In steel... petroleum ...and every major industry, automatic 

controls by Honeywell are now built in to new large-scale 

processing plant. Comprehensive systems—composed of miniature or 

conventional instruments—are engineered and supplied as 

completely piped and wired panels ready for installation. 

When in action, each control system—designed and built for the plant 
— from interlocking standard Honeywell units— 

maintains a complex of process conditions 

at a stable optimum as accurately as a single instrument 

for one variable. 


WRITE OR SEND THE COUPON TODAY for more information 
to: Honeywell Controls Ltd, Ruislip Road East, Greenford, 
Middlesex Telephone: Waxlow 2333 


I am interested in the application of instruments to 
Please send: Information 
Address of nearest Branch Office 


NAME 


APPOINTMENT 


Honeywell 
Frat in Coutol 


ADDRESS 


Sales Engineering, initial and periodic service, arranged from 
any of 10 Branch Offices in the U.K. 
Sales Offices in principal cities throughout the world. 


—— 7] 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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prototypes PRIORITY is given to all prototype samples to enable engineers to proceed with their designs with th 


minimum of delay. 
MAGNETIC DEVICES LTD 
EXNING ROAD NEWMARKET ENGLAND Tol: Newmarket 3181-5 Grams: Magnetic Newmark: 
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accuse BEST DELIVERIES 


When designing control systems for 
completely reliable operation experienced 
engineers have absolute confidence in 
approaching Magnetic Devices Limited 


for Relays. 
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MANY TIMES MORE SENSITIVE than any similar 
apparatus on the market! This is the outstanding 
feature of the ERICSSON ANALOGUE/DIGITAL 
CONVERTERS which form the basis of a new and 
exciting range of precision instruments. 


Analogue-Digital 


This sensitivity (minimum detectable increment 10 


micro volts) means that these instruments which 
utilize transistors and relays throughout can be 
used without pre-amplification to measure the 
Output from thermo-couples, strain gauges and 
load cell bridges etc.—a unique application in the 
field of digital recording. 


Developed alongside these sensitive instruments 


and designed to offer a wide choice of input and 
output facilities are a number of accessories and 
auxiliary units such as Position Encoders (Digitizers) 
Digitron Display Units, Translation Equipments, 
Counters, Transducers, Digital Clocks, Semi-Con- 
ductor Logic Scanning and Programming apparatus, 
Standardizing Units and Power Units. 


If you are concerned with the collection, presen- 


tation and logging of data and/or in complete 
systems, consider the advantages offered by this 
new range of instruments in the form of high 
sensitivity, advanced circuit design, modular con- 
struction and versatility of output. 


SO SENSITIVE 
E > : 
TYPE NO. APPLICATION 


Normally part of an installation. 
To be used where remote indi- 
cation is required, or for printing 
and punched card systems. 


Industrial 


Converter Type 154A 


Particularly for isolated measure- 
ments. As Type 154A but with 
integral digital indication. 


Industrial 
Analogue-Digital 
Converter Type 306A 


For use with load cells and other 
types of bridge network. 

To be part of an installation. 

For print out and punched card 
applications. 


As Type 170A but for use where 


Digital Strain Meter 
Type 170A 


Digital Strain Meter 
Type 307A digital indication only is required. 


Laboratory or factory test in- 
strument to read resistance or 
resistance tolerance. 


Digital Ohmmeter 
Type 156A 





*The word ‘DIGITRON’ is an Ericsson Registered Trade Mark 


For fuller information please write to: 


INSTRUMENT DIVISION 


HIGH CHURCH STREET, NEW BASFORD 
NOTTINGHAM 


ERICSSON TELEPHONES LIMITED - HEAD OFFICE - 22 LINCOLNS INN FIELDS - LONDON WC2 - Tel: HOLborn 6936 
PEOPLE WHO COUNT USE ERICSSON 
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ERICSSON 





Ericsson Instrument Division can design and manu- 
facture complete digital systems to meet your 
requirements. 
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“CiRnRSCALE” 


a portable instruments 


bad 


- Colleges - industry 











eI 


| For Scienti 


Portable instruments have always 


Also manufacturers of 
“‘Cirscale” 

(regd. trade name) 
Ammeters, Voltmeters, 
Rotary Synchroscopes, 
Graphic Recording 
Instruments, 

Protective Relays, 
Electric Tachometers, etc. 


been a Record speciality. Illustrated is 
the new design of portable ‘'Cirscale"’ 
which is available with a wide choice of ranges 





A.C. or D.C. Ruggedly built to withstand rough 
handling, the platform dial and other unique features make 
it eminently suitable for use on test beds, in laboratories 
or for general maintenance work. Other types of portable 
instruments include Wattmeters, Frequency and 
Power Factor Indicators, 
is 





\- 
r 
R 6) THE RECORD ELECTRICAL COMPANY LIMITED 
‘5 ““Cirscale Works,” Broadheath, Altrincham, Cheshire 
; Telephones: Altrincham 3221 (5 lines) Telegrams and Cables: Cirscale, Altrincham. 
4 Offices at Belfast, Birmingham, Dublin, Glasgow, Leeds, London. 
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Experience 


Evaluation 


Joint Service Types 


types please write for full information. 


typified by the 


2$014 


eee 2S002 | 2S003 2S014}2S005 


Guaranteed close! 1g 41 | 1.41 | 34-91 | 20-55 |45-150 
beta spread 
High voltage 45 |} 45 | 45 | 40 | 4 V 
High cut-off | 7 | 15 | g | 20 | 30 | Mes 
frequency 










TEXAS 


when you TRANSISTORISE | 


..sLOOK TOITEXAS FOR 


pioneers of silicon transistors 


Many Texas transistors meet CV specifications. 
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closely-defined, reliable parameters 


Acceptance proven performance in world-wide service 


and you'll choose TEXAS 


Texas are years ahead in silicon transistors, rectifiers and diodes . . 
in Great Britain since 1957. Texas components are to be found today in as widely differing circuitry 
as guided missiles, airborne electronics, radar and communications equipment, industrial instrumentation, 
process control systems and computers. They can answer your design problems now. f 


. they have been in production 


If you have a requirement for British Inter-Service 


Take a look at the TEXAS GROWN JUNCTION SILICON TRANSISTOR RANGE 


D.C. AMPLIFIER 
Voltage gain without feedback... 60dB 
Voltage gain with feedback 40dB 


Drift referred to input (tempera- 
ture change 90°C to 70°C)— 
(1) using unseiected transistors. . 
(2) with first pair matched for hy. 
Change of output voltage re- 
ferred to input for simultaneous 
or independent changes of supply 
voltage by +1 volt .. =4mV ‘ 
, e 

Required source iepedence < 10 kilohms o 

25 kilohms 


=< 3mV 
“imV 





Input impedance 


Common mode rejection ratio... 50,000 


VIDEO AMPLIFIER 






Frequency response 
Pulse response ... 
Power gain 


. 10 c/s-3 Mc/s o-§f 
0.2 usec rise time 7° 
30dB 


| 
‘ 
i 
Fi 
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DALLAS ROAD 
BEDFORD 68051 


ENGLAND 
CABLES. TEXINLIM-BEDFORD 41.102 
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Space for Improvement 


6 HAT shortage? This is often the 
VW retort of an engineer these days if he 
is told of a lack of trained technolo- 
gists. Yet last month’s report of the Advisory 
Council on Scientific Policy told him just that*. 
Certainly the Sits. Vac. columns are full, and 
certainly most of the Sits. are technical and scien- 
tific. This may seem to support the latest official 
statistics: but while the area of magazine or news- 
paper covered by the advertisements is large, the 
area per advertisement is also great, and the fre- 
quency of vacancies is smaller than it may appear. 
In fact, from the works-eye view, there probably 
seem to be more well-qualified engineers seeking 
posts than sought after. Are then the statistics 
wrong or misleading, and has the Advisory Coun- 
cil indeed been misled? In pondering these ques- 
tions, let us consider a little history. 

Once upon a time it was thought that the safety 
of this kingdom depended on the size and potency 
of its military aircraft, so an industry was born 
and nurtured and brought to prosperity. To-day 
the industry is too big for its markets. 

Then there is nuclear power. For a country like 
ours this new resource seemed a most opportune 
deliverence. After the Suez crisis there was more 
than one cry of expectant relief from those who 
foresaw British independence of foreign hydrocar- 
bons. All was praise, in those days, for the 
Government’s heavy investment programme. The 
nuclear bubble, so proudly blown so short a while 
ago, has certainly not burst, but its irridescence 
no longer dazzles the eye. 

Clearly, the rise and fall of industries must 
affect the country’s demand for labour and the 
kind of labour that is demanded. As one might 
expect, a need for the class of highly trained 
technologists seems to be acknowledged mainly 
in those industries where progress is being 
most vigorously made. Such industries were, 
and still (tenuously) are, those devoted to aviation 
and atomic energy. But in many places elsewhere 
the value of graduate engineers is just not noticed. 
Too many of the enterprises in this land, where 
once there was an industrial revolution, stay mar- 
vellously unmoved by the advances of their 
remoter relatives. Pressure to keep up with the 
Joneses is apparently only effective with nearest 
* See this month’s News Round-up for details 
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neighbours. Yet, in spite of this, there does seem 
to have been a good deal of beneficial cross-feed- 
ing. Thus some of the work of the aircraft people 
has percolated down to others, and their new 
techniques and materials have changed the com- 
plexion of more than one product. And radio- 
active substances would still be costing the earth 
if the atomic bomb had never been conceived 
(though the earth may be literally the price we 
shall pay). 

What is the significance of these things? It looks 
as if some of the lessons that have been learnt 
about economics may apply also to the flow- 
dynamics of ideas. Western countries seem to have 
seen clearly the implications of the great booms 
and slumps of a few decades ago. They know now 
that oscillatory transients as well as steady states 
are possible in an economic system—and that in- 
stability can be disastrous. To smooth out diver- 
gent fluctuations, they have discovered, judicious 
action is required of their governments. Perhaps 
something similar may be found necessary to con- 
trol the ebb and flow of technological activity. 
Possibly we have been witnessing something that 
is obscured in the official statistics, namely just 
such an oscillation in our technological man- 
power resources as we see occasionally in the 
European and American economic systems. Be- 
cause too much of British industry is tardy in its 
employment of trained men, it may be necessary 
for the state tO subsidize what is on a profound 
view not very valuable work, in order to stimulate 
the country’s technology enough for progress to be 
kept up in a fiercely competitive world. 

Now that a period of damping is over, the time 
has surely come for a more energetic boost. The 
Minister for Science should be wary of the statis- 
tics. To get things moving the Government should 
still let contracts in whatever fields appear to be 
most glamorous at the moment. If there is any 
argument for it at all, here may be one for an 
ambitious British research on space travel. (This 
is of course quite the reverse of the conclusion 
reached by the Advisory Council.) There are no 
doubt better and more urgent uses for technical 
skill, but employment in a free country is not 
compelled. Progressive ideas must be taught by 
example. What, we wonder, are Lord Hailsham’s 
plans? 



























Easy to change 
the measuring range 


in this potentiometric recorder 





Range-changing unit. Top rail permits 
choice of seven measuring spans from 

0-5 mV upwards. Bottom rail provides 
seven zero-point positions up to 100°, 
full scale. Clear, visible indication always. 


Sole Distributors in U.R.: 
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ty PHILIPS 


Effectively widening the scope of millivolt 
instruments when employed for experimental 
work, Philips potentiometric recorders can be 
supplied with 2 range-changing unit with 
provision for no fewer than forty-nine 
measuring ranges! The range is changed 
instrument fashion merely by re-positioning a 
knurled thumb screw. And you can do this as 
often as you wish for there are no wander- 
leads and there is nothing to be soldered. 
This is only one of the many reasons why, 
point-for-point, Philips potentiometric 
recorders and recorder-controllers compare so 
favourably and why too, they are both praised 
and prized by the most experienced users. 
From a comprehensive range there is an 
instrument to meet every need. We invite you 
to write for fully descriptive literature. 


RESEARCH & CONTROL INSTRUMENTS LTD 


Instrument House, 207 King’s Cross Road, London, W.C:1 


Telephone: TERminus 8444 
Telegrams: RACIL KINCROSS 
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LETTERS 


to the EDITOR 


Any better? 


Sir: Although I like CONTROL, I think 
it could be improved in one respect. 
The features themselves are very 
good, and on the whole you manage 
to balance the subjects quite well. 
But why do you mix up the adver- 
tisements with your articles and let- 
ters? I admit (grudgingly) that the 
advertisements are (sometimes) useful, 
but I do not read the magazine for 
their sake, and I do not like to have 
them pushed under my nose. When I 
look at them I want to do so volun- 
tarily. I feel sure that many other 
readers will agree with me. 


Basingstoke, Hants K. J. HALL 


As you see, we have now changed 
our layout, and henceforward both 
‘Publisher's Piece’ and ‘Letters to 
the Editor’ will share a page.— 
EDITOR 


How much droop? 


SIR: I notice in your issue of Novem- 
ber 1959 that Dr. Morley has made 
a reference to one of our simulator 
studies. He has, however, failed to 
make clear that the case considered 
was idealized to the extent that iso- 
chronous governing was assumed, the 
object being to isolate the effect of the 
hydraulic clutch. The actual governors 
are drooped and so the problem as 
illustrated in Fig. 3, Page 96, does 
not arise in practice, nor has it been 
found necessary to fit a ‘ stabilizing 
element’. I point this out in case 
some discerning reader should be 
tempted to comment. 

Westland Aircraft Ltd. 3. M. HARRISON 


Dr. Morley writes: ‘I should have 
made it clear in the section of my 
article headed “Twin Engine Con- 
siderations” that the simulator 
governors in the Westland rig, the 
results from which I was privileged 
to quote, were in fact isochronous 
governors. In practice the speed con- 
trol system would have droop, which 
would materially alter the load-shar- 
ing problem and help prevent any 
large disparity during load changes. 
Mr. Harrison had kindly pointed out 
also that this particular test was not 
representative of practice on account 
of the governors; but if the isochron- 
ous characteristics had proved accept- 
able then actual governors with droop 
would have been even more so. 

In present day helicopters flown 
more or less conventionally, there is 
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no special need for very close rotor 
speed control. The rotor R.P.M. are 
well up the speed range, the rotor 
inertia is high, and a nominal droop 
appears to be a satisfactory means of 
stabilizing the speed control. On the 
other hand if the machine is to be 
flown more automatically, using the 
rotor speed as the sensing element for 
the power control, over a wide power 
range, I believe it would be necessary 
to minimize droop. I also think that 
some form of load sharing device 
would be wanted to ensure full use 
of the available power under critical 
conditions.’—EDITOR 


Light relief for students 


SIR: Shortly, I shall be giving a 
course of lectures on servomechan- 
isms and automatic control. I thought 
it might be a good idea, by way of a 
little light relief, to show a film or 
two on this or allied topics. I should 
be very grateful for any information 
you can give as to the availability of 
such films (or slides). 

Cheadle, Cheshire E. ROSE 


We agree that this is an excellent 
idea. Some possible sources you 
might try are: Aims of Industry Ltd., 
5 Plough Place, London, E.C4; 
Brook Motors Ltd., Empress Works, 
Huddersfield; Central Film Library 
(C.0.1.), Government Building, Brom- 
yard Avenue, London, W.3; G.B. 
Film Library, 1 Aintree Rd., Perivale, 
Middlesex; Scientific Film  Associa- 
tion, 3 Belgrave Square, London, 


S.W.1; Shell Film Unit, Norman _ 


House, 105 Strand, London, W.C.2.— 
EDITOR 


Academics not so weak 


SIR: In your December issue Staff- 
man brings to our notice a remark by 
Wing Commander E. W. Anderson, 
the President of the Institution of 
Navigation. To quote again, ‘the 
main weakness in navigational think- 
ing, particularly on the academic level, 
is the divorce of the flying control of 
an aircraft from its positional navi- 
gation’. 

This is not so at the College of 
Aeronautics, where for several years 
we have been educating post-graduate 
aircraft and instrument engineers in 
the philosophy of integrated design, 
in which all feedbacks are not only 
recognized, but as far as possible, op- 
timized. In addition to the normal 


two-year Diploma Course, the Dept. 
of Aircraft Electrical Engineering run 
a one-year course which is primarily 
aimed at providing the qualified con- 
trol engineers which we on the aca- 
demic level, and the Wing Comman- 
der, consider so vital to the aircraft 
industry. 

In further support of the academic, 
an automatically guided aircraft sys- 
tem was reported in September's 
CONTROL; aptly enough being de- 
veloped by another Division of Wing 
Commander Anderson’s own firm, 
Sperry. CONTROL later reported in the 
following month’s issue that this 
system originally formed the basis of 
a research thesis carried out in the 
above-mentioned department. This 
should go a long way to meet the 
President’s criticism, so may we pre- 
sume that it was some other academic 
level to which he was referring, or 
indeed that the fault is not an 
academic one at all. 
College of 
Aeronautics 


K. C. GARNER 





PUBLISHER’S PIECE 


Arrival and departure 


A number of readers have 
taken the trouble to compli- 
ment us on the Buyers’ Guide 
that we published in our last 
issue of CONTROL. The Guide 
was perhaps the chef-d’oeuvre 
of David Rayner, who has been 
on the editorial staff of the 
magazine since it was con- 
ceived. Rayner is making this 
both the climax and the con- 
clusion of his journalistic 
career so far, for he is leaving 
us and going back into indus- 
try. We are very sorry to lose 
him, but we feel sure that he 
will make an excellent job of 
selling computers. To fill the 
vacancy we have gained the 
services of Paul Newnham, 
until now with the G.E.C. 

We think it good policy to 
get our new blood from such 
sources. The editors in their 
various grades are of course 
technical men, at present work- 
ing on the very important task 
of information-spreading. While 
they try not to lose touch with 
the engineer on the job—and 
succeed remarkably well—it 
still helps to have new men 
straight from practice in the 
field. We think that Rayner and 
Newnham will each bring an 
invigorating freshness to their 
new work, and we wish both 
of them well. 
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11 detailed REASONS WHY 


Production Engineers rely on 


MAXAM precision AND QUALITY 


Heavy-duty Piston Rod 


Circlip for Easy Removal 
of Gland Housing 


Double Gland Packings 


Extra-long Bearing 


Extra- wide Piston 


Cylinder Body 


Patented Internal Retainer 















improved Cushioning 


Special Patented ‘E’ Packings 








* Extra-wide Piston—for greater bearing surfaces. 


* Heavy-duty Piston Rod— manufactured from the finest stainless 
steel, surface-ground to fine tolerance. Hard chrome-plated rods 
can be supplied. 


* Improved Cushioning —ensures controlled deceleration without 
impact. 


* Special Patented ‘E’ Packings—having integral retaining rings 
to provide effective sealing. 


* Honed Bore—minimises friction and packing wear. Improved 
efficiency due to more effective sealing of piston packings. 


* Cylinder Body — material strength protects against deformation. 


* Patented Internal Retainer —eliminates external methods of 
securing end-caps. Maximum size of cylinder is o/d of body. 


* Extra-long Bearing— in the front end-cap provides substantial 
support for piston rod. 


For completely reliable operation 
with maximum economy — specify 
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Complete reliability and unrivalled efficiency of operation 

begin in the Design D.O. Study this part-section of a MAXAM 
pneumatic/hydraulic cylinder and you will appreciate how 
attention to minute details of design gives MAXAM products their 
world-beating quality and proved reliability. 


* Double Gland Packings— provide effective air/oil seal for 
pneumatic or hydraulic operation. 


* Circlip for Easy Removal of Gland Housing — simplifies 
maintenance. 


* Endcap Sealing —for low-pressure hydraulic operation. 
66°, of current production from our machine shops is for companies 
whose designers— with experience of MAXAM< product quality, per- 


formance and reliability—have planned their future production 
machines with MAXAM Fluid Power Equipment in mind! 


MAXAM POWER LIMITED one 


Camborne, England. Telephone: Camborne 2275 (10 lines) 
London Office: 44 Brook Street, W.1. Telephone: HYDe Park 9444 


A company in the Holman Group which has branches, 
technical representatives and agents throughout 
the United Kingdom and the world 


Fluid Power Equipment MA 10 
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One of the main advantages to be derived from 
the use of electronics in process control is that 
a wide range of optical detectors can be used for 
measurement. Interpretation can readily be either 
analogue or digital. The first essential of control 
is to measure, and optical methods of measure- 
ment (by which I mean any method of measure- 
ment using electromagnetic waves in a wide band 
from 10cm through to the X-ray region) are non- 
destructive, rapid, sensitive, free from mechanical 
wear, of low torque and inertia, and provide high 
resolution. 

The more accurate and highly resolved the 
measurement, the finer the control that is poten- 
tially possible, and this is an important considera- 
tion when tight control of quality is necessary. 
Until recently, optical instruments relied upon 
the eye for ‘ detection ’, and this has been a handi- 
cap in transferring them from the laboratory to 
the automatic control of industrial processes. With 
the introduction of photo-conductive, photo-vol- 
taic and photo-transistor techniques this is no 
longer the case. Instruments which employ dis- 
criminators sensitive to variations of refractive 
index, differential colorimetric absorption, varia- 
tion in polarization, etc. are now available for 
plant control. 

There is one important difference between 
laboratory instruments and those intended for in- 
dustrial process control. The laboratory normally 
needs a versatile instrument, capable of high reso- 
lution over a wide range, which is operated under 
controlled conditions and by skilled hands. The 
industrial device is usually relatively coarse, and 
of limited range, since the user is concerned in the 
main with the ratios one to the other of certain 
specific elements. The industrial instrument differs 
from its laboratory counterpart in that it must 
operate continuously and under conditions quite 
foreign to the laboratory. It must need the mini- 
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INDUSTRY'S VIEWPOINT 


A monthly article by a promin- 


ent man in the control industry 


on a subject chosen by himself 


Electronics is now reliable and optics 
offers accuracy says Hilger & Watts’ 
Chairman and Managing Director, 
George A. Whipple, in... . 


OPTICS 


AND ELECTRONICS 
FOR CONTROL 


mum of maintenance despite the dirt, vibration 
and range of temperature variation found com- 
monly under plant conditions. 

The designer of optical instruments is now 
capable of meeting both the research need for 
refinement and the industrial requirement for 
* ruggedization’’. When electronic equipment was 
first introduced into industry it was a by-word 
for unreliability. The industrial engineer, there- 
fore, called for mechanical and pneumatic solu- 
tions; techniques with which he was familiar and 
which he understood. To-day transistors are prov- 
ing reliable, components are well-tried, and the 
failure rate is low. 

Optical measurement always has been relatively 
* bug-free’, and the marriage between optics and 
electronics is breeding sturdy children. For this 
reason, I do not entirely agree with David 
Pinkney, in the July 1959 issue of CONTROL, when 
he says that electronics is the cast-off of the com- 
munications industry. Electronics is now an inte- 
gral part of reliable modern instrumentation; 
photo-electricity not only makes possible a higher 
accuracy of control in industrial processes than 
is usually required, but is highly reliable. Elec- 
tronics is no monopoly of communications, for it 
has given the plant engineer many methods of 
measurement and control in continuously working 
process plants. Even if, in a steel plant for ex- 
ample, a sampling technique must be used for 
analysis, up to thirty elements can be determined 
in five minutes by the use of photo-multipliers 
backed by reliable electronic circuitry—and the 
resultant analysis printed or punched on cards or 
tape—compared with as many or more hours re- 
quired by skilled chemists in the laboratory. 

Optics and electronics combine to form a team 
which cannot be ignored when considering future 


control techniques. ys 
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The year behind us 





‘Good in parts ' seems to be the judgment on 
1959, but the year has left this country some 


urgent problems 


by H. H. ROSENBROCK, B.SC., PH.D., A.M.1.E.E. 


Constructors John Brown Ltd., Leatherhead 


LOOKING BACK ON 1959, THE PICTURE OF CONTROL 
engineering is one of steady and unspectacular progress 
in the main, with one or two outstanding achievements 
which have caught the public imagination. 


The high spots 


The chief of these is undoubtedly the Russian success 
with two lunar rockets. The first, in September, landed 
on the moon while the second, in October, performed 
the even more difficult feat of passing behind the 
moon, photographing its unseen side, and subsequently 
transmitting the photographs by radio to earth. A com- 
parable American achievement was the launching of 
a ‘ paddle-wheel ” satellite equipped with instruments to 
measure and transmit information on the radio-active 
conditions in space. In neither case has the guidance 
equipment been described in detail, so that the diffi- 
culties, and the means for overcoming them, can only 
be conjectured. 

These are direct applications of military techniques, 
and it is true (and unfortunate) that in 1959 as in other 
recent years the overwhelming preponderance of research 
in control has been applied to military ends. The one 
civil application which can be compared in importance 
with them is the use for the first time early in 1959 
of a digital computer to control a chemical process, a 
polymerization unit operated by Texaco. The com- 
puter was based on a military development by Thomp- 
son Ramo Wooldridge, and preliminary reports seem 
to show that the chemical application was technically 
successful and economically justified. Other rumours 
(in the absence of a decisive statement by Texaco) are 
less encouraging, but certainly the opinion in the United 
States on this subject is buoyant, and many other 
applications of the same kind are being made. In this 
country too a great deal of effort is being given to this 
field by computer manufacturers, and at least two of 
them have now announced special, all-transistor, com- 
puters for process control. 


Measurement 


Turning from spectacular applications to the foun- 
dations of control engineering, in measurement, there 
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has been steady but slow progress. The time-scale for 
the development and application of a new measuring 
technique is usually five to ten years or more, and in 
one year there is consequently little fundamental change. 
It remains true to-day as in previous years that elec- 
trical measurements are often easy, other physical 
measurements are often possible, and chemical or ‘ qual- 
ity” measurements are often stubbornly difficult. 

Some trends in measurement have been noticeable 
during the year (the selection is necessarily a random, 
personal one). The digital presentation of readings is 
becoming more common, especially where measure- 
ments must be often repeated. Examples range from 
laboratory balances to voltmeters, flow meters and spec- 
trometers. This trend is intensified in the increasing 
number of cases where readings must be transmitted 
over a distance. 

New principles of measurement follow a_ regular 
course from research laboratories into production con- 
trol laboratories, and sometimes into instruments used 
for automatic control. In the chemical and process in- 
dustries the last class now includes infra-red and ultra- 
violet ‘spectrometers, refractometers and viscometers. 
Vapour-phase chromatographs are moving from control 
laboratories into automatic control and mass spectro- 
meters will probably follow them. Many other promis- 
ing techniques such as nuclear magnetic resonance, 
polarography and X-ray spectrometry are now moving 
out of the research laboratory. The United States has 
maintained and perhaps increased its lead over other 
countries in the embodiment of all these principles in 
commercial instruments. 


Dynamics 

After measurement, the second fundamental require- 
ment is an understanding of the dynamics of the pro- 
cess which is to be controlled. In mechanical systems 
this seems never to have been a real difficulty. In aero- 
nautics and in the field of nuclear energy much research 
has from the beginning been devoted to the problem, 
and computer simulations are regularly made. In the 
chemical and process industries, on the other hand, 
much less systematic effort has been devoted to the 
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problem. In some ways 1959 showed a setback in the 
last field. It has to a greater and greater extent become 
clear that routine design methods for investigating the 
control of distillation (for example) are not yet within 
our reach. Only the simplest control loops can at present 
be dealt with satisfactorily and until further decisive 
progress is made it remains doubtful whether the full 
(or sometimes any) advantage can be taken of new tech- 
niques in quality measurement or computer control. 


Linear plains, non-linear foothills 

In the theory of control the wide, fertile plains of 
linear theory are now fully colonized and have yielded 
a rich harvest of applications. The frontiers of explora- 
tion have penetrated the foothills of non-linear theory, 
and this is a much less hospitable country. Slow pro- 
gress is still being made, but most of it comes from 
following valleys where the linear theory needs only 
slight modification—such are describing-function theory 
and systems with slowly-changing parameters. It remains 
true that in strictly non-linear situations (except the 
simplest) theory deserts us and we must revert to simu- 
lation. 

This slowing-down of progress is probably only a 
temporary one, whilst suitable methods of advance are 
being devised. During the year interesting work on the 
problem was going on at a number of centres: at 
Cambridge on a machine for determining the statistical 
properties of control signals, at Imperial College on a 
non-linear adaptive filter, and at the National Physical 
Laboratory on ‘ learning machines’. The last two lines 
of work are related to ‘ optimizing control’, in which 
the automatic controller adjusts itself to produce the 
best results from the process it is controlling. If such 
a device could be made to approach in efficiency to 
human abilities it would indeed be a complete answer 
to many problems. At present the machines are still 
inefficient in learning (often incredibly inefficient) and 
still vastly too large and expensive for most problems. 
Nevertheless a limited form of optimizing control may 
become common if digital computers are used to con- 
trol industrial processes: such a computer could in 
theory carry out the process of ‘evolutionary opera- 
tion’ devised by Box some years ago. 


Control in industry 

Events during the year included a conference in May 
on ‘Instrumentation and Computation in Process De- 
velopment and Plant Design’, organized jointly by the 
Institution of Chemical Engineers, the Society of Instru- 
ment Technology, and the British Computer Society. 
This gave an opportunity to discuss automatic control 
and its application to industry. Some notable features 
of the conference were a theoretical paper by Kalman 
and others on means by which a digital computer could 
be used to control and optimize a plant, the description 
by Idzerda of a new type of ratio controller for flows, 
and a simple analogue computer for studying distil- 
lation columns which was described by Rijnsdorp and 
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Maarleveld. Sir Harold Hartley gave the closing address 
and admirably surveyed the present condition of con- 
trol and its future prospects. 


Caution in the States 

The I.S.A. show in Chicago gave as usual a con- 
spectus of American progress. Compared with the show 
in Cleveland two years before, there was much less 
emphasis on data logging. Electronic instruments for 
process control were shown by all the major companies, 
but did not seem to be economically attractive at this 
stage either to users or to manufacturers. Computers 
for process control were being offered by a number of 
companies, but with a full admission of the difficulties 
— unfortunate experiences of some users with data- 
logging equipment have made this a difficult market. 
Analytical instruments for process control showed 
steady development. In all, the picture was one of 
cautious progress, though there was a feeling in the air 
that computer control was just round the next corner. 


Russians coming up 

Conditions in Russia are much less easy to assess 
than elsewhere, and the visit by a group of engineers 
sponsored by the I.E.E., and their subsequent report, 
was therefore valuable. Their general conclusion was 
that Russia at present lags behind this country in the 
application of control techniques. On the other hand a 
vast programme of research has been started, largely in 
the last two or three years. When this begins to bear 
fruit, our lead may rapidly disappear. 


Faltering at home 

Turning finally to the condition of control engineering 
in this country, 1959 has given little cause for satis- 
faction. The great need for increased educational pro- 
grammes and better professional status is still unful- 
filled (though a course in process control was started at 
Cranfield in September, and education and professional 
status were actively studied by the Society of Instru- 
ment Technology). Moreover, as a country we are fail- 
ing to maintain our position in instrumentation and 
control. The development period for successful appli- 
cations of control in industry is often five years or 
more, and the expenditure needed is more than many 
companies in this country can afford. In addition, when 
a new technique is at last established, the return is 
shared by many, and not only by the company which 
has borne the cost of development. Unless some solu- 
tion can be found to this problem we shall fall further 
behind the United States, with its wide markets and 
large companies, and shall be overtaken by the intense 
centralized efforts of the Russians. 


The year in a sentence 

To sum up—a year of slow but steady progress in 
fundamentals, of spectacular achievement in a few 
fields, of exciting new possibilities still just beyond our 
grasp, and with an undertone of urgency in the prob- 
lems confronting us as a nation. 
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A preview of the show 


The forty-fourth 


THIS YEAR THE PHYSICAL SOCIETY'S 
annual exhibition—the 44th—promises 
to be more of a success than ever, in 
spite of the usual criticisms that the 
show has become too commercial. The 
exhibition will be held in the Old 
(Stands 1-50) and New (Stands 51-140) 
Halls of the Royal Horticultural 
Society in Westminster, London, from 
Monday 18 to Friday 22, January. 
The scope of the * Phys. Soc.’ is so 
wide that it is difficult to do more 
than describe the exhibition in the 
most general terms, but it is hoped 
that this preview will assist the visitor 
to find the wood among the many 
trees, without too much difficulty. 


Analytical devices 


Many instruments for spectrometry 
will be shown. A.E.I. (Manchester) 
will exhibit (Stand 123) probes for a 
high-resolution nuclear magnetic re- 
sonance spectrometer, and also a 2-in. 
laboratory mass spectrometer. A.E.I. 
(Woolwich) hope to demonstrate a 
production model X-ray microanalyser 
and 60kV X-ray fluorescence spectro- 
meter. 

The U.K.A.E.A. will have much 
spectrographic equipment on Stand 
86. A.E.R.E.’s Woolwich Chemistry 
Division will exhibit an automatic 
atmospheric beryllium monitor in 
which air is drawn through an arc, 
and the emitted light dispersed and 
measured by photomultipliers. 
A.E.R.E. will also show the automatic 
recording of wavelength measurements 
by the use of moiré fringes and photo- 
electric scanning. This equipment em- 
ploys a Ferranti detector fitted to the 
base of a Hilger & Watts travelling 


microscope, and a N.P.L. 6250 line/— 


in. grating. Dekatron counters are used 
and punched-tape print-out. Harwell’s 
Isotope Research Division will show 
a radio-isotope X-ray spectrometer in 
which a source of X-rays excites 
fluorescent X-rays in the sample and 
these are analysed with a proportional 
or scintillation counter. Cambridge 
Instrument (Stand 97) will discuss 
their scanning electron probe micro- 
analyser. In the latter, electrons irra- 
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Physical Society exhibition 


diate the sample and the resulting X- 
rays are analysed. 

The Admiralty Materials Laboratory 
(Stand 40) are to show a curved-crystal 
X-ray spectrometer which provides 
higher resolution than the flat crystal 
type and yet is adjustable for wave- 
length by simple means. 

Various analytical instruments will 
be exhibited on Stand 139 by the 
Medical Reséarch Council. These in- 
clude a mass spectrometer for con- 
tinuous gas analysis inside the lung; 
a scintillation counter for gas liquid 
radio chromatography which measures 
the radio-activity of organic vapours 
from a gas liquid chromatograph in 
parallel with normal chromatographic 
recording; centrifugally - accelerated 
paper chromatography for developing 


paper chromatograms in 10-20 min; — 


and a polarograph for the measure- 
ment of oxygen concentration and rate 
of oxygen utilization in bacterial and 
enzyme systems. 

Unicam Instruments will demon- 
strate four new models on Stand 87, 
a prototype flat-bed recorder for spec- 
troscopy; the SP.100 infra-red spec- 
trometer—a _  prism/grating double 
monochromator instrument; the 
SP.900 flame spectrophotometer; and 
a prototype recording spectrofluori- 
meter built from separate spectrosco- 
pic units to offer flexibility of con- 
struction. 

The Physics Department of the Uni- 
versity of Reading (Stand 134) are to 
show a student’s grating spectrograph 
for teaching undergraduates. This has 
a 15,000 line/in. grating and is built 
of removable sections. Optical Works 
Ltd. (Stand 120) will show a small 
quartz spectrograph for student or 
factory use. 

The Solartron vacuum-dome X-ray 
spectrometer, which can be linked with 
a manufacturing process to provide 
continuous analysis, will be on Stand 
94. 

An extensive range of analytical in- 
struments will be shown by Hilger & 
Watts on Stand 95. The range includes 
a prototype process control photo- 
meter for measuring fluorescence and 


the absorption and scattering of light 
in a flowing liquid; a photoelectric 
microptic polarimeter; the Ultrascan 
recording spectrophotometer; and a 
simple and inexpensive grating mono- 
chromator. 

On Stand 8, Perkin-Elmer will ex- 
hibit an infra-red spectrometer for the 
12-5-25 » region, gas chromatography 
equipment and a recording ultra-violet 
and visible spectrophotometer. Optica 
United Kingdom (Stand 69) will show 
a double-beam ratio-recording reflec- 
tance spectrophotometer, for funda- 
mental colour measurement, and an 
atomic absorption spectrophotometer 
which was initially developed for the 
biochemist interested in small quanti- 
ties of magnesium in serum. Joyce, 
Loebl, who are also on Stand 69, 
will exhibit the Chromoscan univer- 
sal recording and integrating re- 
flectance densitometer for chroma- 
tographic analyses, and a _ micro- 
densitometer. 

Doran Instrument (Stand 105) will 
show an auto-titrator for automatic 
titration in the 0-14pH or — 200, 0, 
+ 1200 mV ranges, pH meters and a 
conductivity bridge. Baird & Tatlock 
(Stand 127) will demonstrate their 
Analmatic auto-titrator for process 
monitoring, a wide-bore polaragraph 
for dissolved oxygen in water, and a 
gas analyser for the automatic mea- 
surement of hydrochloric acid in air. 
They will also exhibit a centrifugal 
chromatograph, gas/solid chromato- 
graphy apparatus (Janak), and a mul- 
tiple Geiger-counter chromatogram 
scanner for the simultaneous determin- 
ation of radio-activity along 31 equal 
area adjacent strips of a chromato- 
gram. 

The Wool Industries Research Asso- 
ciation (Stand 44) wiil exhibit an 
assembly for the automatic chromato- 
graphy and assay of mixtures of 
radio-active substances. This collects 
fractions of the effluent from a chro- 
matographic column and presents them 
in turn to a Geiger counter and re- 
cords the counts obtained. 

On Stand 93, W. G. Pye will demon- 
strate the argon chromatograph, pH 
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equipment and an automatic titrator- 
controller of new design. The_ latter 
features two independent electronic 
relay circuits, either of which can 
operate at any point in the 1 mA cur- 
rent range—e.g. 0-10 pH. 

The continuous monitoring of 
sodium in liquid samples drawn from 
pipe lines is the duty of Evans Elec- 
troselenium’s recording flame photo- 
meter to be shown on Stand 13. The 
R.31 refractometer of Bellingham and 
Stanley (Stand 107) is also a pipe-line 
instrument and may be employed to 
signal whenever a predetermined con- 
centration is outside liraits. The R.320 
refractometer is intended mainly for 
use in the ultra-violet, and is an 
attachment to a direct reading wave- 
length spectrometer employed as a 
monochromator. 

The Cavendish Laboratory of the 
University of Cambridge (Stand 136) 
will exhibit an automatic single-crystal 
diffractometer which makes the collec- 
tion of accurate intensity data by 
counter techniques comparable in 
speed and convenience with photogra- 
phic methods. Two circles carry coun- 
ter and crystal respectively. An Edsac 
Il digital computer feeds the instru- 
ment directly, giving the absolute cry- 
stal and counter positions for each 
reflexion. 

The Coal Tar Research Association 
will have an emissivity detector on 
Stand 44, which detects the concentra- 
tion and chemical structure of organic 
vapours in coal gas by measuring the 
variations in luminosity of the flame. 
Hanovia Lamps Division of Engelhard 
(Stand 45) have a benzole meter to 
indicate the efficiency of benzole re- 
covery from coal gas. Its operation de- 
pends upon the selective absorption by 
benzene, toluene and xylene of ultra- 
violet radiation. 

The plant stream gas analyser of 
Mervyn Instruments (Stand 99) will 
measure and record the amount of one 
component in a multi-component gas 
stream. This is a conductivity mea- 
suring device. Mervyn will also show a 
square-wave polarograph, a_transis- 
torized self-balancing potentiometer 
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recorder, and a sulphur-dioxide re- 
corder. 

Newport Instruments (Stand 89) 
will exhibit an electron resonance 
spectrometer which operates at 9500 
Mc/s and 150-8000 gauss, and is in- 
tended for routine chemical ana'vsis 
of free radicals. 


Data processing and ancillaries 


A wide variety of data handling and 
presentation equipment will be on 
view. N.R.D.C. (Stand 31) will show 
a digital voltmeter having a pulse shift- 
ing circuit using ferrite cores and an 
analogue multiplier using piezoelectric 
crystals. The Medical Research Coun- 
cil (Stand 139) have simple analogue- 
digital converters with display and 
print-out facilities. These are based 
on moving-coil movements with the 
pointer replaced by a digital arrange- 
ment, and an electrostatic cogging sys- 
tem providing step-like movement. 

The Admiralty Surface Weapon 
Establishment (Stand 40) will demon- 
strate high-speed symbol writing. 
Transistorized circuits employing pulse 
techniques enable the display of sym- 
bols on a c.r.t. at over 100,000 ch/sec. 
They will also exhibit a digital data 
recording system which records 12 
channels to +0°1% at up to 20 readings/ 
sec; and an automatic film analyser in 
which a photocell assembly scans trace 
records on film. The displacement of 
the trace from a datum is presented in 
digital form by linking the photocell 
lead screw and a shaft digitizer. 

The various Ministry of Aviation 
Establishments will share Stand 1. 
R.A.E. Farnborough have a voltage- 
to-digital converter with a stable re- 
ference-voltage unit for feeding highly 
accurate real-time data down a tele- 
metry link. This can take up to 6000 
independent readings a second. R.R.E. 
Malvern have ferromagnetic films for 
computer storage, and the Rocket Pro- 
pulsion Establishment equipment for 
digital recording and analysis. The 
analogue-digital conversion in the 
latter is performed by comparing the 
amplified value of a transducer signal 
with a ramp wavetorm. 


In this fully auto- 
matic titrator for 
process monitoring, 
titration is per- 
formed by a motor- 
driven syringe pip- 
ette coupled to a 
recorder pen. This 
model is for the de- 
termination of dis- 
solved oxygen in 
water 
(Baird & Tatlock 
(London) Ltd.: 
Stand 127) 


The Computer Division of Elliott- 
Automation (Stand 116) will demon- 
strate magnetic wire matrix storage 
using transistorized logical elements, 
and the Miniac and G-PAC analogue 
computers, both Mark II develop- 
ments. Elliott’s will also show poten- 
tiometer drives and servo multipliers 
and a solid-state analogue-digital con- 
verter with a 12-bit resolution. 


The A.E.I. companies on Stand 123 
will demonstrate a Hall-effect ana- 
logue multiplier, an experimental 
digital differential analyser, and | Mc/s 
digital circuits for data processing 
operations. A.E.I. will demonstrate a 
16-point data logger consisting of a 
multi-point recorder fitted with a shaft 
digitizer. 

Ferranti, on Stand 26, will exhibit 
a digital voltmeter covering 0-01 V- 
999 V, and the new MDS magnetic 
drum which has a storage capacity of 
160 tracks each holding 128 words of 
50 bits. Fast transistorized circuits for 
the Ferranti Atlas digital computer 
will be shown. 


A pulse width modulation system of 
magnetic tape recording of data from 
an Emiac II analogue computer will 
be demonstrated by E.M.I. Electron- 
ics on Stand 38. Peripheral equip- 
ment used with Emidec digital com- 
puters will be shown. 


Solartron on Stand 94 will exhibit 
new servo multipliers and resolvers, 
diode function generators and a log- 
arithmic amplifier from their analogue 
computing range. They will also show 
digital voltmeters, a data amplifier, an 
analogue-digital converter and a digi- 
tal data recorder. 


An analogue-digital converter by 
Dobbie McInnes (Electronics) on 
Stand 14 is a self-contained relay type 
unit with a fixed conversion time of 
less than 480 ms. Lintronic (Stand 41) 
have a high-speed analogue-digital 
converter which is capable of convert- 
ing analogue signals at a rate of 
10,000 conversions/sec. G.E.C. (Stand 
115) will exhibit a prototype inductive 
position digitizer which requires low 
input torque and can give remote in- 


Automatic titrator controller with pH 
meter. The autotitrator has two inde- 
pendent electronic relay circuits each 
of which can be set to operate at any 
point in the | mA range—e.g. 0-10 pH 
(W. G. Pye & Co. Ltd.: Stand 93) 

























dication of the position of a rotating 
shaft either as a four-digit display or 
as binary-coded decimal output. Data 
processing and logging equipments by 
Hilger & Watts (Stand 95) employ 
coded scales for analogue-digital con- 
version. Burndept’s digital valve volt- 
meter will be shown on Stand 29, and 
Racal’s digital indicating instruments 
on Stand 17. 

New Electronic Products (Stand 7) 
will exhibit a magnetic tape system 
for use with large-scale digital com- 
puters. This is interposed between the 
computer and the paper tape or pun- 
ched card store to save computing 
time. Royston Instruments (Stand 10) 
will exhibit models of their Midas 
magnetic-tape flight-data recording 
system. 

A Ramey magnetic amplifier used 
in the construction of logical elements 
will be exhibited on Stand 44 by 
the B.I.S.R.A. 


Flow and level 


The National Engineering Labora- 
tory (Stand 44) has developed a flow 
calibration rig for determining the 
performance of oil meters and pumps. 
This is of the measured period type in 
which oil is fed to a tank until it ob- 
scures the light to first one and then a 
second phototransistor level indicator. 

The Medical Research Council 
(Stand 139) will exhibit a new swing- 
ing-gate variable-area-orifice flow- 
meter. This consists of a vane rotating 
centrally in a cylinder having a fixed 
radial partition. Fluid enters to one 
side of the partition and _ escapes 
through a peripheral annular orifice. 
The area of the orifice uncovered as 
the vane rotates is proportional to its 
angular deflexion and thus to flow 
rate. 

British Scientific Research Associa- 
tion will show their ultrasonic flow- 
meter for ‘ difficult’ liquids on Stand 
77. Developed for N.R.D.C., this de- 
vice operates by comparing the phase 
of ultrasonic signals transmitted with 
and against the flow. Transit is more 
rapid in the direction of flow than 
against the flow, so that a comparison 
of transit times gives the rate of flow. 

Lintronic (Stand 41) will exhibit 
several devices of flow interest. Their 
two-film yaw meter is a yaw probe 
with two platinum films coated on its 
leading edge, which are spaced at 120 
to each other and connected to form a 
bridge circuit. When the probe points 
upstream the bridge is balanced; if it 
does not point upstream, an un- 
balance signal operates a servo loop 
to correct the probe’s position. The 
Lintronic flow transmitter is a differ- 
ential-pressure sensing device with a 
feedback system. 
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Dobbie McInnes (Stand 14), Town- 
son & Mercer (Stand 82) and the Coal 
Tar Research Association (Stand 44) 
will be among those showing visco- 
meters. 

A level indicator to be shown by 
Panax Equipment (Stand 85) employs 
a caesium source to determine liquid 
levels in sealed containers. Burndept’s 
(Stand 29) proximity switch, a capaci- 
tance-change device, can be used for 
level control on powders, fluids or 
granules, whether conducting or not, 
as well as counting, process initiation 
or temperature control. 

The N.C.B.’s Coal Research Estab- 
lishment (Stand 124) has a bunker 
level indicator which is of the prox- 
imity probe type, but non-electronic. 
Its principle is that a low-pressure 
low-flow air current in a 2-in tube 
may be diverted when the tube open- 
ing is obstructed to another channel 
incorporating an indicating device. 

A gamma-ray level indicator by 
Salford Electrical Instruments (Stand 
22) was originally developed for the 
N.C.B. to provide remote indication 
of the level of coal within bunkers. 
It can, however, be used for various 
other industrial applications involving 
solids or liquids. 

G. V. Planer (Stand 53) will exhibit 
an unusual mercury switch which pro- 
vides continuous response to angle of 
tilt. The device incorporates film re- 
sistor patterns, and as the mercury 
takes up a position depending on the 
angle of tilt, so will the output vary 
in response. 


Pressure 


New Electronic Products’ (Stand 7) 
range of differential inductance pres- 
sure transducers includes a_ single- 
ended transducer which incorporates 
all four arms of the bridge, thus 
allowing the use of long (200 yards) 
unbalanced cables. The range extends 
from 0-5 Ib/in? to 0—-2000 Ib/in?. 

The N.C.B.’s\ Mining Research 
Establishment (Stand 124) have de- 
veloped a pressure regulator which 
will maintain a flow of butane gas of 
about 10ml/min to an accuracy of 
+ 1%. This is a diaphragm regulator 
with a special valve. 

Several organizations have produced 
pressure-measuring devices of medical 
interest. The Medical Research Coun- 
cil (Stand 139) will exhibit a transis- 
torized miniature capacity pressure- 
gauge system which has a diaphragm 
of aluminized Terylene. A f.m. oscil- 
lator and discriminator circuits are 
housed integrally with the gauge. Their 
pressure- or temperature-sensitive tele- 
metering transmitter, which is capable 
of being swallowed for measuring 





temperatures and pressures in the 
digestive tract, will also be shown. 

A.E.I. (Stand 123) have an electronic 
pulsometer for measuring blood pres- 
sure during surgery. A microphone 
picks up the patient's fingertip pulse 
and feeds it via a transistor amplifier 
to an output meter. A manometer is 
incorporated and, when an occluding 
arm cuff is used, systolic blood pres- 
sures can be read at the point where 
pulse indication disappears on the out- 
put meter. 

Edinburgh University and S.E. Scot- 
land Regional Hospital Board (Stand 
135) also have a pulsometer for meas- 
urement of systolic blood pressure. 
They will also exhibit two drift-free 
recording manometers: one records 
the pressure in a system by measuring 
the flow rate of a liquid between a 
known pressure system and the un- 
known system, the rate being deter- 
mined by a drip recorder incorporat- 
ing a photo-transistor; the other uses 
a simple photo-transistor-controlled 
servo system, the level of liquid in one 
arm of a U-tube being held by raising 
or lowering the arm. A clinical blood- 
pressure recorder will be shown which 
records from a cuff which is auto- 
matically inflated every 90s. The 
foetal pulse rate monitor uses a vibra- 
tion pick-up in which movement of a 
grating alters the light falling on a 
photo-transistor. 

Pressure transducers of the un- 
bonded resistance bridge, vibrating 
cylinder and potentiometric pressure 
types will be exhibited by Solartron 
(Stand 94) together with a pressure 
scanning valve. The latter is a multi- 
pressure line commutator which per- 
mits one transducer to sense pressures 
at a number of points sequentially. 

Salford Electrical’s (Stand 22) re- 
mote indicating system for pressure 
measurement with long-scale indica- 
tor consists of an _ electromagnetic 
transducer and remote a.c. dyna- 
mometer. A Bourdon tube or dia- 
phragm may be used. Salford will also 
show a remote indicating recorder 
which consists of a transducer re- 
sponding to pressure, displacement or 
level, together with a special Honey- 
well Electronik recorder. 

J. Langham Thompson (Stand 47) 
will exhibit pressure transducers of the 
new potentiometric type, covering 10 
in. water gauge to 10,000 lb/in?. A.E.1. 
(Stand 123) will show a combined 
Penning/thermocouple gauge control 
unit, the thermocouple gauge covering 
Imm mercury to 102mm mercury, 
and the Penning gauge 10 mm mer- 
cury to 10-°mm mercury. A.E.I. will 
also exhibit a Pirani gauge control unit 
for gas pressures below 1mm mer- 
cury. 
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The first of its type 
commercially avail- 
able, this automatic 
adiabatic bomb cal- 
orimeter makes pos- 
sible two or three 
determinations of 
calorific value of 
solid or liquid fuels 
in an hour. The 
control unit incor- 
porates a Wheat- 
stone bridge with 
thermistors in two 
arms 
(A. Gallenkamp & 
Co. Ltd.: Stand 46) 


Displacement and speed 

A position-sensitive photodiode will 
be demonstrated by B.S.I.R.A. (Stand 
77) in a test rig which evaluates these 
sensitive detectors for displacements 
of the order of a micro-inch. A spot 
of light is focused on the photodiode’s 
sensitive area and when this spot is 
moved between the electrodes, the 
voltage output changes sign, passing 
through zero in the central position. 
Suggested applications in machine tool 
control are fringe counting and beam 
riding. 

The Wayne Kerr (Stand 102) dis- 
tance meter employs non-contacting 
probes for the direct and continuous 
measurement of distances between 
50 win. and 0-5 in. to an accuracy of 
2%. This is a capacitance probe device 
working into a transformer bridge, 
and will be demonstrated measuring 
the thickness of glass tubes with the 
aid of a magnetized probe and mov- 
able steel balls. The Wayne Kerr 
electronic micrometer will be demon- 
strated fitted to an optical microscope 
to measure objective movement rela- 
tive to the slide platform. 

The National Engineering Labora- 
tory (Stand 44) have a displacement 
gauge for analysing continuous re- 
cords, displayed on a c.r.t., of ram 
displacement and extrusion pressure 
obtained in an extrusion press. They 
have also designed a. moiré fringe 
velocity gauge for measuring the vari- 
ation in ram velocity of a shaping 
machine during cutting. 

J. Langham Thompson (Stand 47) 
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Transducer with 60- 
tooth rotor which 
rotates in a magne- 
tic field to give 60 
pulses/revolution 

(Racal Instruments 


Ltd.: Stand 17) 


A Digitron 
cold - cathode 


(Ericsson 
Ltd.: Stand 


Integral film resistor 
patterns in this 
mercury switch 
provide continuous 
response to angle 
of tilt 
(G. V. Planer Ltd.: 
Stand 53) 


will show several new transducers for 
acceleration, displacement, force, pres- 
sure and vibration including an accel- 
erometer for static and dynamic meas- 
urements within the range + |g to 
+ 100 g. Displacement transducers for 
a maximum measurable displacement 
of 12in. are now available, as are 
load cells and dynamometers for the 
measurement of forces up to 300 ton 
and 200 lb respectively. 
Remote indication of 
placements up to 8in. is available 
from transducers to be shown by 
W. G. Pye (Stand 93). These operate 
as differential inductors, the output 
voltage being linearly related to the 
displacement of an iron slug. 


Various instruments the operation 
of which depends upon a differential 
displacement transformer used in asso- 
ciation with a proof ring, will be ex- 
hibited by the Research Association 
of British Rubber Manufacturers 
(Stand 44). These include a tensile 
tester for stress-strain measurements, 
@ sinusoidal strain dynamic tester, a 
friction apparatus, a rope friction 
machine and an intermittent stress re- 
laxation apparatus. 


An indium antimonide displacement 
transducer by N.R.D.C. (Stand 31) will 
detect 1A movement. The semicon- 
ductor is supported in a magnetic field 
gradient so that any displacement of 
the semiconductor is accompanied by 
a change in its resistance. The in- 
dium antimonide unit is in a Wheat- 
stone bridge whose arms lie in a mag- 
net gap. Movement of the magnet 
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unbalances the bridge, the output of 
which is amplified to give a measure 
of mechanica! displacement. 

N.R.D.C. will also exhibit a tach- 
ometer, for ~peration down to 0:1 rev 
min. This determines the speed of 
rotation of a conducting structure by 
observation of the magnetic field re- 
sulting from circulating currents in- 
duced in a member rotating in a 
primary field. The induced field is 
observed by means of a second har- 
monic flux detector, a null being ob- 
tained by opposing the induced field 
with a field from a feedback winding. 

Shaft speed in rev/min. is provided 
by Racal’s (Stand 17) electromagnetic 
transducer feeding a digital counter. 
This consists of a rotor with 60 teeth 
rotating in a magnetic field to give 60 
pulses/rev. If insufficient torque is 
available, a photoelectric transducer 
can be used and, for high accuracy, 
a coaxial magnetic transducer. Rev/ 
min. indicators by British Physical 
Laboratories (Stand 20) consist of a 
transistorized monostable oscillator 
triggered from a motor car’s ignition. 

A rate-error sensor by Ericsson 
Telephones (Stand 104) is basically a 
transistorized tachometer in which is 
incorporated a device for sensing that 
the rates lie within limits. Covering 
0-99,999 it has a time base variable in 
1 ms steps from 0-0-999 s. 


Temperature 


A new thermometer by the National 
Engineering Laboratory (Stand 44) is 
for precise measurement under indus- 
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trial conditions. Accuracy is 0°001°C 
and it covers 0-100°C. A transformer 
ratio arm bridge technique is used. 

Shirley Developments will exhibit a 
surface pyrometer on D.S.I.R.’s Stand 
44. This is for measuring the surface 
temperature of rotating rollers heated 
to 50-150°C. Frictional heating errors 
have been overcome by covering the 
bimetallic strip with thin strips of 
p.t.f.e. 

Engelhard Industries’ Baker Plati- 
num Division (Stand 45) will show 
thermocouples for temperatures of the 
order of 2000°C (2800°C in one case), 
and Cambridge Instrument (Stand 97) 
pipe thermocouples for measuring 
temperatures of up to 300°C for pipes 
of a wide variety of diameters. 

G.E.C. Research (Stand 115) will 
exhibit a prototype thermocouple-sig- 
nal digitizer for monitoring the tem- 
peratures in the reactor cores of the 
G.E.C. nuclear station at Hunterston. 
This works in the 8421 binary-coded 
decimal system. Ekco Electronics 
(Stand 30) will show their thermo- 
couple trip amplifier which monitors 
the temperature at a point in a plant 
and trips guard circuits at a predeter- 
snined level. A temperature trip range 
of 600°C is provided, although this 
can be extended to 1000°C. A.E.I.— 
ex Sunvic—(Stand 123) will demon- 
strate a 16-point data logger scanning 
thermocouples and producing a tabu- 
lated log of input signals. 

Townson & Mercer (Stand 82) will 
show a low-temperature thermistor 
bridge controller regulating a — 70°C 
thermostat bath to give + 0°05°C con- 
trol. The flow of cooled water through 
a heat exchanger is regulated to 
balance the heat gained through the 
Dewar vessels. 

The Explosives Research & Deve- 
lopment Establishment (Stand 1G) will 
show equipment for estimating the 
calorimetric value of propellants. The 
temperature of combustion of an or- 
ganic compound is measured by a 
platinum resistance thermometer in 
conjunction with a Smith’s No. 3 dif- 
ference bridge operated automatically 
by rotary solenoids. The bridge is con- 
tinuously balanced against rising tem- 
perature by causing off-balance cur- 
rent to move a light spot on to a cell, 
the resulting photoelectric current be- 
ing amplified to operate a relay. The 
latter switches power to a rotary sole- 
noid to alter the bridge decades. 

The U.K.A.E.A.’s Atomic Weapons 
Research Establishment (Stand 86) 
will show a thermistor anemometer 
and leak detector whose operation de- 
pends on the cooling of an electrically- 
heated thermistor bead. Variations in 
thermistor resistance, caused by 
changes in air velocity past the bead, 
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are detected by the unbalancing of a 
bridge. 

Sangamo Weston will exhibit two 
test equipments of some temperature 
interest on Stand 96. The jet pipe tem- 
perature test set checks gas-turbine 
temperature-control equipment by in- 
jecting current into the engine thermo- 
couples to simulate temperatures be- 
tween 500°C and 900°C. The Sangamo 
Weston aircraft ice warning system, 
which consists of a resistance bulb, 
detector head and control unit, can 
be checked by the ice-detector test 
set. 


Servos and ancillaries 


The prototype of a comprehensive 
transfer function analyser, type 46, 
will be exhibited by Servomex Con- 
trols on Stand 11. Rotating synchros 
generate the sine wave and multiply 
the measured signal by the fundamen- 
tal frequency. The multiplier produces 
two outputs, one proportional to the 
real part and the other to the imagin- 
ary part of the measured signal. Phase 
reading is accurate to + i° and am- 
plitude reading to + 2%. Servomex 
will also show a servo-operated speed 
controller for up to 0°5 b.h.p. Servo- 
mex associate Feedback Ltd., will ex- 
hibit a servo system for demonstration 
and student use, a servo analogue 
demonstration of that system, and 
analogue demonstrations to illustrate 
principles of root locus analysis. 

Elliott-Automation’s Servo Compo- 
nents Division (Stand 116) will show 
examples from their range of 26 V 
400 c/s size 08 synchros, size 11 stub 
synchros, two-phase a.c. servomotors 
in size 08, 10 and 11 housings, high- 
torque low-inertia size 08 p.m. d.c. 
(6 V-28 V) motors, size 11 (28 V) p.m. 
motors, and a new size 11 Mark II 
low inertia p.m. motor. The latter has 
a rated speed of 5000 rev/min, a rated 
torque of 130g cm and a stall torque 
of 400gcm. They will also exhibit 
Holtzer-Cabot industrial control ser- 
vomotors and induction or synchron- 
ous motors, and torque motors. 

R. B. Pullin (Stand 72) will show 
examples from their range of low-volt- 
age wound-field a.c. and d.c. motors 
and a new range of p.m. d.c. motors 
in International frame sizes. Their a.c. 
servo components include size 11 and 
18 synchros, size 11 resolvers, size 10 
motor and motor generators, 15 and 18 
motor generators, transistor amplifiers 
and magnetic output transformers and 
gearboxes for servo systems. 

Servo system analysis is one of the 
applications of a very low frequency 
(10 mc/s to 100 c/s) function generator 
of Advance Components (Stand 9). 
Waveform generation is of the opti- 
cal-mechanical type, a narrow slit of 





light being scanned by a rotating disk 
which has an opaque area correspond- 
ing to the required function. 


Components, including semiconduc- 
tors 

As is only to be expected, a great 
deal of space will be devoted to semi- 
conductors of one form or another. 
The G.E.C. Semiconductor Division’s 
(Stand 23) display includes germanium 
gold-bonded diodes, silicon variable 
capacitance diodes, silicon zener 
diodes, high voltage silicon rectifiers, 
a new range of silicon controlled rec- 
tifiers, germanium low frequency tran- 
sistors and high-speed switching tran- 
sistors. G.E.C. Research (Stand 115) 
will exhibit a prototype digital display 
tube. They will demonstrate the mea- 
surement of thermal diffusivity in 
which a temperature wave is generated 
by means of the Peltier effect at the 
junction between a p-type and an n- 
type semiconductor. 

Ferranti (Stand 26) will exhibit new 
silicon semiconductor devices includ- 
ing pnpn signal diodes and triodes, 
pnp and npn signal transistors, vari- 
able capacity diodes, silicon power rec- 
tifiers and photocells. Ferranti will 
demonstrate power control by pnpn 
devices, photo-voltaic-transistor read- 
ing of punched or dotted cards and a 
silicon photo-voltaic sensing element 
as a trigger for a heavy current sys- 
tem. 

Ediswan Mazda semiconductor de- 
vices will be displayed on Stand 123 
by A.E.I. (Woolwich), and A.E.I. Re- 
search will demonstrate silicon-con- 
trolled rectifiers and silicon transistors. 
A dew-point hygrometer, to be demon- 
strated, employs a refrigerating p-type 
and n-type bismuth telluride thermo- 
couple to cool a mirror so that dew is 
formed and may be detected optically. 
A control unit switches the current 
on and off as dew forms and evapor- 
ates, to provide continuous operation. 

S.E.R.L., Baldock, will exhibit gal- 
lium arsenide semiconductor material 
on Admiralty Research Stand 40. Rec- 
tifiers of this material will operate at 
300°C and room-temperature devices 
can be much smaller than devices of 
other materials. Switching diodes have 
been made with a transition time 
approaching two millimicroseconds. 

The demands of transistor circuits 
have led to the development of micro- 
miniaturization at R.R.E., Malvern 
(Stand 1A). Initially it is hoped to 
scale down conventional transistor cir- 
cuits by at least 10:1 in both size and 
weight. Glass is used as the circuit sub- 
strate, although ceramic is preferred. 
and components consist of thin films 
deposited by vacuum evaporation. Re- 
sistors consist of thin nickel-chro- 
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mium films, and capacitors are made 
as sandwiches of thin metal films with 
magnesium fluoride as the dielectric. 
Transistors and diodes are fabricated 
as fiat units. 

Sangamo Weston (Stand 96) have 
developed a transistor relay, primarily 
to replace the high-speed polarized re- 
lays in their tachometer computer box, 
although other applications are under 
consideration. The transistor relay can- 
not suffer from contact troubles. It 
consists of two transformers the 
secondaries of which are coupled to 
the base emitter circuits of two sili- 
con transistors. The transformers are 
connected in reverse phase to each 
other so that one transistor is saturated 
while the other is non-conducting. The 
transistors are in series and arranged 
so that one charges a capacitor and 
the other discharges it through an 
indicator calibrated in terms of rev/ 
min or frequency (50-300 c/s). 

High-g relays by A.W.R.E., Alder- 
maston (Stand 86) have been designed 
to be immune to mechanical accelera- 
tion—either translational or rotary. 
They have functioned normally in 
centrifuge and vibration tests at peak 
accelerations in excess of 100g in the 
frequency range 0-2000 c/s. Coil con- 
sumption is 1-2 W. 

A taut suspension galvanometer 
movement will be shown incorporated 
in a recorder by Cambridge Instru- 
ment (Stand 97). In this system, the 
pivots and associated jewels of the 
conventional moving-coil instrument 
are replaced by short metal bands 




























under tension, so that faults caused 
by pivot wear and damaged or dirty 
jewels are avoided. The suspension 
strips provide the moving coil with 
control force and electrical connexion, 
making a simple, strong and friction- 
free movement. 

Three new  cold-cathode trigger 
tubes for relay applications in low 
current circuits will be exhibited by 
English Electric Valve (Stand 121) to- 
gether with a glow modulator tube. 
The output of the latter is 0°13 candle 
power at 30mA cathode current and 
it has applications in facsimile, strobo- 
scopes and photoelectric counters. 

Ericsson Telephones (Stand 104) will 
exhibit beam switching tubes—Trocho- 
trons, Dekatrons and gas filled cold 
cathode register tubes—Digitrons—for 
converting electronic signals or elec- 
tro-mechanical contact combinations 
directly into readable characters. 
Among solid state devices to be de- 
monstrated, will be sintered cadmium 
sulphide cells operating electromech- 
anical devices. A wide range of minia- 
ture relays, including a low noise level 
chopper, will be shown by Ericsson’s 
Electro-Mechanical Division. 

Various instruments on Electronic 
Instruments Stand 91 employ th> 
Vibron vibrating-reed electrometer, in- 
cluding three pH meters, a mass spec- 
trometer amplifier, a flux scanning 
electrometer, and a logarithmic elec- 
trometer which covers 10°'A to 

10° A on a single scale meter without 
range switching. Two special Vibron 
amplifiers for use in vapour-phase 
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chromatographs will also be shown. 
One of these is an ionization flame de- 
tector amplifier. 

Among the many nucleonic equip- 
ments to be shown by Isotope Deve- 
lopments (Stand 34), is the Vibreed 
1880 dynamic capacitor electrometer 
for measuring small direct currents in 
high-impedance circuits. Full-scale sen- 
sitivity is steplessly adjustable from 10- 
200 mV and this range, together with 
replaceable input resistors, permits cur- 
rent measurements over ten decades. 


Three Discourses will be given dur- 
ing the Show, all at 5.45 p.m. On 
Monday, January 18, Flight Lieuten- 
ant J. Billingham of the R.A.F. Insti- 
tute of Aviation Medicine will speak 
on Some Reactions of the Human 
Body to the Stresses of High Perform- 
ance Flight; on Tuesday, January 19, 
Dr. L. Essen of the N.P.L. will discuss 
Atomic Time; and on Wednesday, 
January 20, Dr. D. A. Wright of the 
G.E.C. Research Laboratories will 
present a paper entitled Recent Ad- 
vances in Solid State Physics. 

The exhibits at this important exhi- 
bition are covered in much greater 
detail than is possible in a preview of 
this nature, in the Physical Society’s 
Handbook of Scientific Instruments 
and Apparatus 1960. Available from 
The Physical Society, 1 Lowther Gar- 
dens, Prince Consort Road, London, 
S.W.7, at 6s. (8s. by post) it contains 
over 350 pages of information and has 
a reference value much greater than 
the average exhibition catalogue. 












































Linear slide velocity is an important 
parameter in the control of many 
machine tools. Below is a review of some 
of the suitable electrical transducers 


Manchester College of Science and Technology 


IN THIS ARTICLE WE DISCUSS SOME POSSIBLE METHODS 
of obtaining electrical signals, proportional to linear 
slide velocity in a machine tool, for the purposes of 
automatic control. The typical features of several 
methods are outlined and the relative merits and limita- 
tions of these are summarized. 


ROTATION TO MEASURE LINEAR VELOCITY 

One way of deriving a linear velocity signal is 
to use a mechanical linear-to-rotational converter, such 
as a rack and pinion, in conjunction with some 
method of measuring rotational velocity. Rotational 
velocity measurement methods are well known and are 
often based on some form of rotating dynamo-electric 
machine. Thus a small precision d.c. tachometer gen- 
erator (/) with a permanent magnet field may, when 
lightly loaded, be used to produce a voltage output 
which is proportional to the shaft velocity, the polarity 
of the output voltage indicating the direction of rota- 
tion. Such systems have a useful velocity range which is 
dependent upon the safe mechanical speed of the gen- 
erator and upon the commutator noise level. Accuracies 
of 4 to 2% can be achieved (Fig. 1). 

Similarly, an induction tachometer generator (2), ex- 
cited from an amplitude-stable a.c. input, may give an 
a.c. Output voltage the value of which represents the 








Milling machine with 
Ferranti control system 


Linear tachometry for machine tools 


by M. J. C. FOWELL, B.sc., A.M.I.E.E. and A, COWLEY, A.M.C.S.T. 


rotational speed, direction of motion being indicated by 
the relative phase of the output and input signals 
(whether the output signal is in phase or in anti-phase 
with respect to the input signal). Accuracies of the order 
of 2% are possible within the useful velocity range, 
which is determined by both safe mechanical speed and 
the available facilities for detecting the inherently low 
output voltage. 

Another velocity indicating machine, the capacitor 
tachometer, an all-electric device (3), employs a com- 
mutator with a capacitor (or capacitors) connected 
across various segments. The capacitor system is charged 
through one set of brushes, and discharged through 
another set into an output circuit. The net amount of 
charge passed per second from the input to the output 
depends on the speed of commutation, and therefore on 
the shaft velocity, as in Maxwell’s commutator bridge. 
The useful velocity range of this system will depend 
upon the minimum capacitor recharging time and the 
spurious noise level. Accuracies rather less than 1% are 
possible. 

Further methods of measurement of shaft speed in- 
volve the detection by a photocell arrangement of vari- 
ations in incident light from a striped pattern on the 
shaft. Also, if the shaft has an electro-mechanical re- 
solver attached to it, the signals from the resolver 


CONTROL January 1960 


PRETTY Oe 











ated by 
signals 
i-phase 
e order 
range, 
ed and 
tly low 


pacitor 
a com- 
nnected 
sharged 
hrough 
punt of 
output 
fore on 
bridge. 
depend 
ind the 
1% are 


eed in- 
of vari- 
on the 
ical re- 
resolver 


y 1960 





oePer RoC 


TSS 


These 


may be processed to give a velocity signal. 
methods, however, are not specifically for the measure- 
ment of rotational velocity, and will be referred to later 
in relation to linear measurement methods. 

Each of the methods discussed in this section involves 
the conversion of linear motion into rotation, and the 
hysteresis inherent in the converter has to be considered. 


VELOCITY AND ACCELERATION TRANSDUCERS 

Self-generating linear-velocity-measuring instrument 
This instrument consists of a permanent magnet and 
a coil, either of which can act as the seismic mass. The 
instrument will measure linear velocities in horizontal 
or vertical planes, and generates a voltage proportional 
to the velocity of the object to which it is attached 
(Fig. 2). Available instruments can be used above their 
resonance, in which case the seismic mass remains sub- 
stantially stationary. The useful frequency range in gen- 
eral extends from the resonant frequency of the seismic 
mass to about 1000 c/s, with less than 5% amplitude 
variation if the instrument is suitably damped. Sensi- 
tivities are within the range 50 to 150 millivolts per inch 


Rack 
and 
pinion 






Angular velocity 


transducer Output oC velocity 


Fig. 1 


per second. The usable range is limited by amplifier 
noise level and by the maximum stroke of the seismic 
mass. A typical upper limit would correspond to an 
acceleration of 35 g (100 in./sec at 25c/s). The trans- 
verse response of these instruments is normally less than 
5% of the axial. 


Integrated linear acceleration measurements 
Seismic-mass accelerometers are available with 

damped self-resonant frequencies between 100 and 

500 c/s. These instruments can be used below their res- 
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Fig. 2 


onant frequencies to provide maximum outputs above 
+ 5g. Such devices will measure accelerations down to 
about 0°1 g. 

These instruments can have resistive, capacitive or 
inductive pick-offs, and the acceleration causes varia- 
tion in one of these elements. Instruments with capaci- 
tive pick-offs require to be energized by a carrier with 
fairly high frequency. The capacitance variation can be 
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used to detune the carrier oscillator and provide a 
frequency-modulated signal; the signal is then demodu- 
lated and amplified, resulting in an output voltage pro- 
portional to acceleration. The sensitivity of such a sys- 
tem will depend upon the carrier frequency and ampli- 
fication, whilst the minimum response will be limited by 
frequency stability and amplifier noise level (Fig. 3). 

The chief disadvantage of this system would appear 
to be the cost of the auxiliary equipment required (ap- 
prox. £150). Inductive instruments would require similar 
driving and detecting equipment. The response to trans- 
verse accelerations is generally less than 5% of axial. 
If this response is required to be of the order of 0°1% 
then inertial guidance accelerometers may be desirable 
(Price £250—£400). 
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Piezo-electric accelerometers 

Self-generating piezo-electric accelerometers are avail- 
able with self-resonant frequencies of several kilocycles 
per second and maximum accelerations above 1 g and 
up to 1000 g. The sensitivity of such devices is of the 
order of 10 to 50 millivolts per g. The minimum meas- 
urable acceleration of these instruments would depend 
upon amplifier noise level and would probably be ap- 
proximately 0°02 ¢. A high input-impedance amplifier 
with low noise level would be required to provide useful 
output signals. Such amplifiers are available. The trans- 
verse response is normally less than 5% of the axial. 

The voltage signal proportional to acceleration could 
be integrated by a standard a.c. coupled integrator to 
provide transient velocity signals suitable for velocity 
damping in a servo over part of the required frequency 
band. Such a system could augment a second velocity 
measurement based on pulse-rate monitoring if a digital 
measuring system is employed. 


PULSE-RATE MONITORING SYSTEMS 

If the position-measuring system is digital, then it may 
be possible to obtain one signal per incremental move- 
ment of the table. Such a signal would have a pulse 
rate equal to the number of basic increments of meas- 
urement per second, and the pulse signal may be pro- 
cessed to give an analogue output equivalent to the 
table velocity. 

The analogue output is obtained (5) by transforming 
each pulse into a standard amount of electric charge. 
After smoothing, the charges produce a current which 
is proportional to the number of charges passed per 
second, and therefore to the rate of passage of the input 
















































pulses. The process of smoothing introduces an ex- 
ponential lag into the velocity measuring system. 

Direction discrimination requires the employment of 
two input channels feeding a pair of balanced analogue 
devices. These devices have to be matched against each 
other for satisfactory working. In such a system, with a 
smoothing time constant which will be chosen from the 
point of view of optimum control system performance, 
the output ripple will depend upon the rate meter para- 
meters, and will not decrease with decreasing output; in 
fact the reverse will happen (Fig. 5). The fundamental 
frequency component of this ripple is the pulse repeti- 
tion frequency, and as this is lowered the various fre- 
quency components of the ripple will come successively 
within the bandwidth of the smoothing circuit and thus 
the effective ripple power will increase at the same time 
as the velocity signal is decreasing. Thus as the pulse 
rate input frequency is decreased we reach a frequency 
somewhere in the neighbourhood of the smoothing cir- 
cuit bandwith where the further depression of the pulse 
frequency brings about a large increase in the noise-to- 
signal ratio. Below this frequency, the rate-meter out- 
put is not only useless but may be harmful to the 
control system operation. This is because a smooth velo- 
city input will produce a jerky output signal which 
will be reacted upon by the system to smooth the volt- 
age output—to the detriment of the output velocity. It 
is therefore considered necessary to remove the pulse- 
rate-meter output below a predetermined level. This 
can be done by means of a biased diode switch at the 
output terminal, though it would have to be arranged 
to cut off above the minimum usable signal because 
of peak noise. 











Input | Smoothing 
5 capacitor 
Pulses in 


Standardized 


Nw 


Pulses in 


pulse 


Input 2 rate 


Output «C (input |—input 2) 


Fig. 4 


A more complicated method involves the use of a 
secondary and less accurate pulse-rate meter, the out- 
put of which is used to gate the pulse signals to the 
primary pulse-rate meter and to cut the pulse signal off 
when the pulse rate is of less than a predetermined 
amount. 


Overcoming low-pulse-rate difficulties 

Suppose that a single low pulse-rate signal is fed 
simultaneously to both of the pulse-rate meter units of 
a balanced bi-directional system. This pulse rate will 
increase the count at either input and may be made 
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high enough to ensure that operation is not rough. 
Each analogue voltage output is offset by an amount 
equivalent to the low pulse-rate input, and the pulse- 
rate meters have to be adjusted so that these voltages 
balance out for zero true signal injection (Fig. 5). 

The main point to consider is the probability of the 
pulses on the two channels clashing. The probability of 
finding a pulse at any time on either the signal pulse or 
the auxiliary pulse channels is 
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pulse duration 


inter-pulse interval 


p signal pulse length 
2. (jet 3S 
signal pulse interval 


p aux. pulse length 
oe aux. pulse interval 
the combined probability of two pulses occurring at the 
same time is Pyienai X Paux. 
An example may be helpful here. If the maximum 
signal pulse rate is 2500 pulse/s, i.e. repetition time = 
400 »s and the pulse length is 50 ys, 








50 1 
Prignai a Sees Soe 
400-50 7 
if auxiliary pulse rate = 250 pulse/s 
i.e. repetition time = 4000 ps 
and the pulse length =  S50us 
50 1 
then P,ux, = ————- = — 
4000-50 79 
so that probability of pulse clashing is 
1 l 
Prignat x Posx = = 
7X 79 553 


thus at max. signal input pulse clashing would only 

give a probable error of 1 in 550 

At lower pulse frequencies Pxiena; becomes pro- 
portionately smaller so that the probable error de- 
creases from this maximum figure. The auxiliary pulse- 
rate generator frequency is not required to be known to 
any degree of accuracy as long as the same auxiliary 
pulse signal is injected into each pulse-rate meter. 
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Processing sine-cosine into velocity information 

Several linear measuring systems produce displace- 
ment signals primarily as two-phase sinusoidal infor- 
mation. Thus a crossed diffraction grating system cur- 
rently in use produces such a signal from two sets of 
photocells, such signals being summarily squared before 
insertion into a suitable counter 

In the method described elsewhere (6) the two sinu- 
soidal signals are differentiated to enhance signal size, 
proportional to velocity. The two differentiated signals 


signal amplitude and its fundamental component fre- 
quency is four times the input frequency. 

The success of this method depends to a large extent 
on the maintenance of a well-shaped sine-cosine input 
voltage of stable peak amplitude. 


CONCLUSIONS 
Anumber of methodsfor the detection and measurement 
of linearly derived velocities have been presented, and the 
table below lists the main features for ease of comparison. 














site initial signal. In this manner two trains of rectified 
sine waves are produced in such a relationship that 
they can be combined to reduce the ripple content of 
the signal, which is then an analogue of the input 
velocity. 

The signal has approximately 30% ripple over the 
range and further smoothing is required to produce a 
useful signal. The ripple amplitude decays with output 
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The work described has been carried out as part of a Machine Tool De- 
velopment project at the Manchester College of Science and Technology, 
sponsored by The National Research Development Corporation. . 

The project is continuing under a grant from the Department of Scientific 
and Industrial Research. 
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LENGTH TO NATURE OF ORDER OF 
'YPE USABLE VELOCITY UPPER VELOCITY LOWER VELOCITY ACTIVE UNWANTED ACCURACY DISADVANTAGES ADVANTAGES 
RANGE LIMITATION LIMITATION STROKE SUPERIMPOSED EXPECTED 
RATIO SIGNALS 
Homopolar genera- Disk flutter Inherently low l Small. Slip ring 4-2% Very low out- Low noise 
tor with rack and speed output volt- noise only put 
pinion age 
D.C. tachogenerator Safe mechanical Disappearance l Fairly large. $-2% Large ripple at 
with rack and Depends speed of signal in Commutator lower voltage 
pinion motion commutator noise 
on the noise 
‘Induction’ tacho- effective Safe mechanical Inherenily low 1 Small—high 2% Stable input Low noise 
generator with speed output  volt- frequency reference 
rack and pinion pinion age tooth ripple needed 
motion Low output 
diameter voltage 
Capacitor tacho- Minimum Disappearance 1 100% amplitude 1% High ripple Low inertia 
meter with rack capacitor of signal in- changes 
and pinion mo- recharging to spurious before 
tion time noise smoothing 
Self-generating seis- Transient velo- Limited by max- Amplifier noise Small unit — Cross-coupling 5%  Cross-coupling Onlya.c. coupled 
mic mass velocity cities only imum stroke level abutting from other amplifier _re- 
transducer of seismic on to table axes quired 
mass 
Integrated output Suitable for Max. accelera- Loss of output Small unit Cross-coupling 5% Can be expen- 
from seismic mass transient vel- tion or re- in spurious abutting from other sive if cross- 
type accelero- ocity only sonant fre- signal. Carrier on to table axes coupling to 
meters quency signal stability be avoided 
Integrated output Suitable for Max. specified Amplifier noise Small unit Cross-coupling 5%  Cross-coupling High self-reson- 
from self-generat- transient vel- acceleration level abutting from other may be ex- ant frequency. 
ing piezo-electric ocity only for particular on to table axes cessive Not very ex- 
accelerometers instrument pensive 
Standard pulse-rate- Resolution time Signal lost in Length of — Pulse charging 4-5% Failure at low Simple circuitry 
meter and/or out- arge pulse grating ripple pulse rates 
put  satura- noise slightly troublesome 
tion greater than at low 
length of frequencies 
stroke 
Pulse-rate meter Resolution time Depends on Length of Small pulse 4$-5% Extra auxiliary Continuous 
with auxiliary and/or out- lance be- grating charging pulse equip- output 
pulse input put satura- tween rate- slightly ripple ment required through zero 
tion meter settings greater than velocity 
ength of 
stroke 
Sine-cosine process- More suitable Differentiator Signal failure Length of Approx. 30% 5%  Cross-coupling High self- 
ing for transient saturation due to a.c. grating noise before may be ex- resonant 
velocity coupling slightly smoothing cessive frequency. 
eater than Not very 
ength of expensive 
stroke 
are then phase-demodulated with respect to the oppo- Acknows : 









































methods are most 
on the utilization side, but 
new techniques are creeping into 
manufacture and distribution as well 


Modern control 
useful 


Getting over problems 


in the gas industry 


by R. E. CLIFFORD 
London Research Station, Gas Council 


In Part 1 last month we explained how quality is 
specified in the gas industry. We then went on to 
describe some of the quality-control applications, 
and gave a brief account of three control systems 
that have been used to produce gas mixtures of any 
required aeration or Wobbe number. 


Gas mixing 

It is intended to use all these gas mixing systems in 
the control laboratory of the proposed new Gas Coun- 
cil laboratories, and the control arrangements include 
some novel features. The system is shown diagrammati- 
cally in Fig. 6. 

To produce a gas of exactly 730 Wobbe number 
under all conditions a two-stage control system is 
necessary. A Sigma-Kent Wobbe controller will be 
used to increase the town-gas Wobbe number to 740 
by adding propane when the incoming gas is at less 
than 740 Wobbe units, and a second Wobbe controller 
will be used to reduce the index from 740 or above to 
exactly 730 by adding air. This differs from normal 
practice, where control above and below a required 
control setting is usually achieved by means of a ‘split 
range’ system, that is by dividing the 3-15 lb/in® con- 
trol signal into two sections, 3-9 and 9-15 Ib/in®. Each 
of these two sections operates a separate control valve 
through a 2-1 bias relay, which doubles the value of 
the control signal, so that each valve will operate 
throughout its whole range. 

Separate controllers will be used for each operation 
in the system described above. This is to ensure abso- 
lutely steady control at the required Wobbe number, 
as even very small variations from this figure might 
upset tests on appliances. The total range of flow 
through the system will be between 2000 and 15,000 
ft*/h and sudden large changes in demand may occur. 
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These changes will tend to affect the controlled Wobbe 
number because of lags in the control system, and an 
additional flow-correction control is to be installed to 
prevent this occurring. A ring-balance flowmeter, op- 
erating on the differential pressure produced by an 
orifice plate in the main gas stream, will integrate, indi- 
cate and record the gas flow. A pneumatic control unit 
will be fitted in the flowmeter, and, in the event of sud- 
den flow changes, the unit will modify the control sig- 
nal transmitted by the two Wobbe controllers to their 
respective control valves. This modification will be 
effected by a diaphragm relay unit, known as a ‘differ- 
ential summator’, placed in each of the lines between 
the controllers and their control valves. When a change 
in rate occurs this device will temporarily modify the 
signal from both the Wobbe controllers, and then, as 
the Wobbe instruments respond to the changed condi- 
tions, the flow correction signal will gradually fade out. 

Part of the 730-Wobbe-number gas will be fed along 
four separate streams to four other control systems. 





f 
i 
[ 


Two of these will be cone-height controllers, preparing | 


gas of any required aeration number continuously, and 


two will be Union Wobbe controllers, to be used for 7 


preparing air/gas or propane/gas mixtures of any re- 
quired Wobbe number. A continuous feedback rate 
from each of these controllers to the inlet low-pressure 
main will enable them to tick over at times of no load, 
and will give more stable control when the demand is 
small. 


Industrial applications of quality control 

In some special industrial applications it is essential 
to have a flexible fuel of constant unit heat capacity, 
and town gas of a controlled Wobbe number is usually 
the best solution. This is particularly the case with 
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Fig. 6 Proposed layout 
in new Gas Council 
laboratories 






those processes working on a timed cycle, as in the 
production of electric light bulbs. Variation of the heat 
input to the burners at any stage of the process may 
result in considerable wastage of material, and there 
may be a delay while the burners are readjusted (5), (6), 
(7). Installed at factories where very precise control of 
the heat input is required, Wobbe control systems 
usually improve efficiency considerably, and at the 
same time reduce the percentage of rejects. 

There are various methods of installing such control 
systems, depending upon whether the gas is mixed with 
air in the required proportion on entering the factory, 
or at individual machines. In the former case, the 
mixed gas is fed to a Wobbe controller and the pneu- 
matic unit alters a control valve and adds more or less 
town gas to the mixed gas before it is compressed, so 
that the Wobbe number of the mixed gas is maintained 
at a constant figure. When the air and gas are mixed at 
each individual machine, the district-gas Wobbe num- 
ber is controlled to the lowest figure likely to be 
reached in the area. This is done by the addition of air 
to the gas before it reaches the machines. 

Another interesting application of the Wobbe con- 
trol system is in the preparation of controlled atmo- 
spheres to maintain the condition of some metal sur- 
faces during heat treatment (7). For example, even a 
slightly oxidizing atmosphere will lead to the formation 
of red cuprous oxide during the annealing of copper, 
and hydrogen will also have a deleterious effect on the 
copper. The Wobbe controller can be used to main- 
tain the air/gas ratio at the correct figure for complete 
combustion, so that there is no excess air to produce 
oxidization, and no excess gas, and therefore hydrogen, 
present. The mixture of most normal gases, with just 
sufficient air to ensure complete combustion, will have 
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Differential governor (to maintain constant 
© pressure difference between diluent and gas 
of Wobbe no. 730) 


Diaphragm control valve 


————H.P.air (for pneumatic unit operation) 


Differential summator (for flow correction) 


a Wobbe number of about ninety, and if the gas-air 
mixture before combustion is maintained at this figure 
by means of a Wobbe controller, the resultant atmo- 
sphere can be held within close limits, and very much 
better performance can be obtained than with hand 
regulation. This is not, of course, a direct means of 
control, but an inferential method of the open-loop 
type, as the presence of any harmful constituent in the 
controlled atmosphere will have no effect on the control 
system. 
GAS-ANALYSIS CONTROL 

Direct methods of combustion control for gas-fired 
furnaces form an interesting new field, and modern 
methods of gas analysis have made rapid and accurate 
control possible. These methods rely for their opera- 
tion on the differing physical characteristics of the 
gases present after combustion. Thermal conductivity 
methods are used for carbon dioxide, sulphur dioxide 
and other gases; infra-red absorption techniques for 
carbon monoxide and carbon dioxide etc.; and a para- 
magnetic method is used for oxygen analysis. 

The first of these methods of gas analysis relies upon 
the different thermal conductivity of various gases. If 
a heated wire is placed in a cooler gas it will lose heat 
by radiation, convection and conduction. Provided the 
first two of these effects are kept constant, the rate of 
heat loss will vary with the thermal conductivity of the 
gas surrounding the wire. If it is assumed that there is 
only one variable in the gas mixture, then the propor- 
tion of that variable can be ascertained by measuring 
the temperature of the wire. This is usually achieved in 
practice by making the wire one arm of a Wheatstone 
bridge and placing another wire in a sealed cell con- 
taining air. Any out-of-balance potential is measured 
by a recording potentiometer. 
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Fig. 7 Electronic relay unit and electrode for a flame- 


rectification control system 

Infra-red analysis methods* are suitable for gases with 
absorption bands falling in the infra-red part of~ the 
spectrum. The radiation emitted by hot filaments is 
directed down two tubes, to a detector fitted with two 
windows. This unit is filled with the gas to be analysed, 
and is split into two equal cells by a diaphragm. These 
cells are affected by the radiation absorbed by the gas 
to be analysed. If one of the tubes between the radiant 
source and the detector is filled with a gas mixture 
containing a proportion of the appropriate gas, then 
part of the radiation will be absorbed, and this will 
affect the temperature and therefore the pressure in one 
cell. The diaphragm, which is made one plate of a con- 
denser polarized through a high resistance, is deflected 
because of the change in pressure. A rotating shutter 
chops the radiation and the resultant pulsation of the 
diaphragm produces a proportional alternating current. 
This current is amplified, rectified, and indicated on a 
meter. 

The paramagnetic method of oxygen analysist is 
novel, and uses a property peculiar to oxygen amongst 
most common gases. It is attracted by the strongest 
part of a magnetic field, whereas most other gases tend 
to seek the weakest part of a magnetic field. In one 
form of oxygen analyser this attraction is used to pro- 
duce a ‘magnetic wind’ which cools one platinum 
winding and heats another. The out-of-balance resis- 
tance created affects a Wheatstone bridge circuit, and 
the change in potential is recorded on a potentiometer. 

All these types of analysis convert the response ob- 
tained into an electrical signal which is amplified and 
recorded with practically no instrument lag. It is then 
a simple procedure to use a standard control unit, op- 
erated by the movement of the recorder, to maintain 
the proportion of the gas analysed at any required 
figure. 

One example of the practical application of the oxy- 
*See also page 108 of conrrot for December 1959, and page 91 of this issue.— 


EDITOR 
tSee also page 129 of contro. for December 1959.—eprror 
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gen analyser is in the control of air to large furnaces (8). 
For many years combustion control systems have relied 
on the analysis of carbon dioxide in the products of 
combustion to control the amount of inlet air or fuel 
supply. The principle aim of such control is to mini- 
mize the amount of excess air in the flue gases so that 
heat is not wasted. The use of carbon dioxide recor- 
ders for assessing the amount of excess air in furnace 
products of combustion is an inferential method, and 
is likely to give rise to errors if the carbon-hydrogen 
ratio of the fuel gas varies, or if there is incomplete 
combustion. An accurate oxygen recorder gives a direct 
assessment of the amount of excess air present, pro- 
vided there is no leakage of air into the flue. 


FLAME-FAILURE CONTROL 


There is now a multitude of devices for controlling 
gas furnaces, central heating systems and many indus- 
trial appliances (9). The principal object of these 
devices is to prevent gas passing to the main burner 
until a pilot flame has been established, and also to cut 
off the gas supply if the pilot flame is extinguished. On 
the larger industrial gas appliances, electronic systems 
of flame-failure control are used, while the smaller in- 
dustrial and domestic burners incorporate thermo- 
electric or thermal-expansion devices. 


Fig. 8 Arrangement of a typical thermo-electric valve 
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The electronic systems used can be divided into two 
main categories. The first of these groups consists of 
equipment using. the electrical conduction by a flame, 


and the second relies upon the detection of radiation 
from the flame. 


Flame-conductivity systems 


The presence of ions formed in the course of com- 
bustion renders a flame electrically conductive. A heat- 
resisting electrode carried in an insulated holder is 
placed so that it is in contact with the flame, and a 
small voltage is applied to the electrode. If a flame is 
present the circuit is completed, via an earthed burner, 
and if the resistance of the flame is within the range 
for which the circuit is designed, a relay is operated. 

One difficulty with this type of device is that it is pos- 
sible for foreign matter to fall across the electrode, 
creating a leakage path having a resistance within the 
operating range while there is no flame present. Recent 
devices working on the flame-conductivity principle 
have incorporated ‘safe start’ circuit modifications to 
eliminate this source of danger, and these are operated 
only by a moving or ‘flickering’ flame. An alternative 
type of flame-conductivity device uses the rectifying 
properties of a flame, and although this introduces 
slight technical difficulties in obtaining rectifying con- 
ditions, it is unlikely that foreign matter will simulate 
flame conditions. 


Photo-electric sensing systems 


These devices depend upon the detection of radiation 
from a flame and are sited to view the flame from a 
convenient position, thus avoiding contact with the 
flame or any particular hot part of the apparatus in 
which they are used. This has the advantage that ex- 
pensive heat-resisting materials are not necessary. The 
main difficulty in the use of photoelectric systems is in 
differentiating between radiation from the flame and 
radiation from surrounding brickwork. A satisfactory 
solution is to use a flame-sensing system that is respon- 
sive only to the fluctuation in radiant intensity associa- 


ted with all types of flame, that is, the ‘flickering’ 
effect. 


Flame control applications 


All these flame detecting systems provide a signal 
which is fed into an electronic circuit. This signal is 
amplified in the usual way and is used to operate relay 
switches which actuate solenoid valves, etc., to control 
the main gas supply. On the larger burner systems com- 
plex switching cycles can be initiated by the flame de- 
tection device. A typical fully automatic cycle as used 
on a direct-fired air heater would be as follows : 

1, On turning on the electricity supply to the control 
system a fan starts, purging the combustion cham- 
ber with air. The fan operates a switch, actuated by 
air flow, which completes the circuit to the unit and 
energizes the electronic circuit. At the same time a 
motor-driven programme controller starts and the 
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timed cam sequence allows the full operation to 
take place in the correct order. 

2. After an adequate pre-purge period the pilot gas 
valve will be energized and the pilot flame ignited 
with a high tension spark. 

3. If the pilot flame is detected as described above, 
then relays will be operated and the main gas valve 
will be energized (assuming, that is, that any ther- 
mostatically operated circuit is calling for gas), and 
the main burner flame will be ignited by the pilot. 

4. Should the flame be extinguished, an electrically op- 
erated relay opens immediately shutting off the main 
gas only, and provides a high-tension spark at the 
pilot burner, which is still supplied with gas. 

5. If the pilot flame is detected, the main gas valve 
re-opens, but if the pilot is not re-established in the 
time allowed, both pilot and main gas valve are 
closed. 

6. The fan continues to run for a post-purge interval, 
after which it shuts down, and the unit remains in 
a state of lock-out until the manually operated re- 
set button is pressed. 


Thermo-electric systems 


Smaller appliances, using a simpler form of flame 
protection, usually rely upon the output from a thermo- 
couple to hold a solenoid valve off its seating whilst 
the gas is alight. On failure of the flame, the thermo- 
couple cools and a spring opposing the solenoid even- 
tually closes the valve. An advantage of this system is 
that no independent electricity supply is required, but 
the lag in operation is high, usually over thirty seconds, 
and it is also necessary for all thermo-electric valves 
to be manually re-set. 


OTHER METHODS 

The majority of control applications described in 
this survey are concerned with the utilization side of 
the gas industry, because it is in this field that modern 
control methods are especially useful. However, the 
use of automatic control and instrumentation systems 
is rapidly increasing throughout the industry, and in 
the distribution section modern techniques of remote 
flow and pressure control are being widely employed. 
The manufacturing stations are also replacing, wher- 
ever possible, the traditional methods of manual con- 
trol with automatic systems. Calorific value control of 
water gas dilution, automatic control of plant exhauster 
speed, control of oxygen addition to gas purifying 
plant, and dew-point control of gas humidity are all 
applications that have been attempted, and many such 
systems are now in constant use. 
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A few months ago, CONTROL readers saw a tussle 


over electric flying-controls. Here is a strong chal- 
lenge to the opponents of electric engine-controls 


Electric controls on the Britannia 


by GEORGE M. STURROCK, sB.sc.(ENG.) 


Chief Development Engineer, Ultra Electric Ltd. 


THE USE OF THE GAS TURBINE ENGINE IN MODERN AIR- 
craft has greatly increased the problems of designing 
suitable linkages for operating engine throttle valves. 
In addition to the general difficulties of contending with 
wing flexure, backlash, thermal expansion, ducting 
through pressure-tight partitions and freedom from fric- 
tional losses, greater accuracy of throttle positioning is 
being demanded. Furthermore, in the case of some 
modern turbo-prop engines, the linkage is required to 
operate not only the throttle valve but also a propeller 
control mechanism which exerts considerable and re- 
versible torque. 

Whilst the designers of mechanical linkages are faced 
with these formidable problems, the electric throttles of 
the Britannia aircraft have now logged about a million 
hours of flight experience. It may therefore be of inter- 
est at this juncture to consider the record of this equip- 
ment, to detail briefly the functions which it performs 
and the philosophy pursued in making it as safe and 
reliable as it has proved itself to be. 

The electric throttles of the Britannia do not only 
replace ordinary mechanical linkages. They also govern 
engine accelerations and speed in flight and provide 
protection for the turbine blades against over-tempera- 
ture. By carrying out these extra functions they replace 
certain units of the hydraulic fuel systems in addition 
to the mechanical throttle-linkage. 


Development of the electric throttle 


The electric throttle of the Britannia started life as a 
control system for very large aircraft of the Bristol 
Brabazon and Saunders-Roe Princess variety some 
twelve years ago. The main reason for adopting an 
electrical system was the difficulty of designing an accu- 
rate-enough mechanical linkage to operate the engine 
throttles of aircraft of this size. At the same time the 
engine manufacturer was demanding more accurate con- 
trol of both engine-speed and jet-pipe temperature, and 
there was the further problem of preventing compressor 
surging when the engine was accelerated. 

The original equipment was a simple electronic speed- 
governing system, the datum of which could be varied 
continuously by the pilot. This electronic speed- 
governor functioned quite satisfactorily over the work- 
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ing power range of the engine, and accuracies of the 
order of 0-1% were attained with stable operation. 

Despite the fact that no actual failures of electronic 
valves occurred during these tests, the idea of valve equip- 
ment having 100%, control of an engine was viewed with 
some concern. Failure statistics of electronic valves were 
not encouraging, and although much was being said 
about the development of a range of so-called ‘ rugged- 
ized’ valves, it was plain that this would be a long- 
term project. From the United States, where develop- 
ment was more energetically pursued because of the 
greater demand, reports were filtering through of dis- 
appointing results. It was therefore decided at this stage 
that instead of valves the more reliable, but in some 
ways less meritorious, magnetic amplifier would be 
used for the amplification of control signals. The main 
disadvantages of magnetic amplifiers were their com- 
parative novelty in Great Britain and their relatively 
long time-constants. On the other hand, they were 
said to be as reliable as a transformer, and they re- 
quired no warming-up period before operating, being 
in fact operative from the moment of switching on. 

In order to overcome the difficulties of speed govern- 
ing at low engine speeds, it was decided to alter the 
basic conception of control. An extensive examination 
of the requirements was made and a proposal put for- 
ward which was finally agreed and accepted. The final 
agreed form of the electric throttle is as follows: 

1. It is basically a remote throttle-positioning system in 
which the engine throttle is automatically brought into 
angular alignment with the pilot’s control lever. The 
accuracy of alignment achieved is of the order of }°. 
This is roughly equivalent to a mechanical linkage in 
which there exists }° backlash. Its advantage over a 
mechanical linkage, apart from its freedom from back- 
lash, is that no unwanted throttle movements take place 
owing to wing flexure or expansion of the linkage with 
change in temperature, and so on. 

2. Speed governing is now incorporated as a trim func- 
tion selectable at the pilot’s discretion. This operates on 
the engine throttle by feeding into the basic positioner 
a signal which deliberately misaligns the engine throttle 
in relation to the pilot’s control lever. A maximum of 
20° closure of the engine throttle in relation to pilot’s 
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control lever is allowed. 

3. Temperature control is incorporated, and acts, like 
the governor, by feeding a throttle-closing signal into 
the basic positioner. In the event of the temperature 
rising above a predetermined datum, the action of the 
temperature control is automatic and overrides the 
speed-governor if this is in control. 

4. Engine accelerations are also controlled in accord- 
ance with engine temperature. In this case control is 
effected by governing the speed at which the engine 
throttle is allowed to follow up the movements of the 
pilot’s control lever. Although the pilot may move his 
lever from idling to full power as rapidly as possible, 
the engine throttle will open at a speed such that the 
engine temperature is maintained to a schedule during 
the acceleration. Such accelerations possess advantages 
over an air/fuel-ratio-controlled acceleration. For in- 
stance, in the air/fuel ratio control, compressor delivery 
pressure (modified or unmodified) is used as a measure 
of air flow. In the event of surging having taken place, 
compressor delivery pressure no longer represents air 
flow, and the air/fuel ratio control is unable to take 
the engine out of surge. In the case of temperature- 
controlled accelerations, even the onset of surging is 
accompanied by a rapid increase of temperature which, 
acting through the temperature channel, is usually in 
itself sufficient to prevent the surge even in the in- 
cipient stage. Should the surge develop, however, the 
temperature remains high and the action of the control 
continues until the engine is automatically taken out of 
the surge condition. 


Safety features 


The philosophy of safety on which the electric 
throttle was designed assumes that failures of the equip- 
ment will at some time occur, and that in the event of 
such failure all reasonable precautions shall have been 
taken without having had recourse to duplication or 
triplication of the circuitry. 

As a first necessity it was decided to incorporate an 
emergency control system so that, in the event of any 
failure whatsoever of the main control, the pilot would 
still be able to open or close the engine throttle as 
required. This emergency control has been made as 
simple as possible and operates from the 24V d.c. 
battery supply whereas the main control operates from 
the 115 V 400 c/s supply. It was also considered desir- 
able to prevent the main system from driving the 
throttle either fully open or closed in the event of any 
failure. Ideally the throttle should remain in the posi- 
tion that it occupied prior to any failure, but in view of 
all the possible types of failure which might occur, this 
is extremely difficult to ensure in all cases. Statistically 
it was shown that the majority of failures in aircraft 
equipment are caused by open or short circuiting of 
the interconnecting cables and plugs between units of 
the whole equipment, and the safety system finally in- 
corporated gives the necessary protection against such 
failures. The system is also protected against many 
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internal faults, since the external cabling is a continua- 
tion of internal circuits. The safety system was also 
required to operate if the power supply showed exces- 
sive variations of voltage and frequency, since this could 
cause malfunctioning of the temperature channel as well 
as being indicative of a faulty inverter. The presence 
of a failure is indicated by a red warning light. 

Such a safety circuit is, in itself, almost an installation 
tester, since it checks that all interconnexions are pro- 
perly made. This aspect has, in fact, proved to be 
most useful. 

The following paragraphs describe briefly and simply 
how the electric throttle is built up and how it operates. 
Fig. 1 illustrates diagramatically the basic positioning 
system. 


Basic positioner control 

This is based on simple servo principles and incor- 
porates pancake synchros and a.c. servo motors in con- 
junction with magnetic amplifiers. 

The transmit synchro A is coupled directly with the 
pilot’s control lever, and a feedback synchro B is directly 
coupled with the engine throttle valve. Any angular 
misalignment between A and B gives rise to an alter- 
nating-current position-error signal which is converted 
to a d.c. error-signal by a discriminator C. The maxi- 
mum value of this d.c. error-signal (in the opening 
sense) is limited by the limiter D and is then fed to the 
servo-amplifier E. The servo-amplifier operates the 
throttle motor F which moves the engine throttle valve 
and the feedback synchro B through suitable gearing. 
This is the usual form of electrical follow-up servo and 
the system comes to rest when the error signal has been 
reduced to zero, i.e. when B is in alignment with A. 
The feedback generator G driven by the throttle motor 
F develops a d.c. voltage proportional to the speed of 
the latter, and this signal is fed to the input of the 
amplifier E. This makes the throttle motor speed 
exactly proportional to the magnitude of the position- 
error signal fed to the amplifier. 

Fig. 2 shows the characteristics of the basic position- 
ing system in terms of throttle-actuating speed against 
position-error signal. The actuating speeds are impor- 


Fig. 1 Basic positioning system 
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tant, as will be realized when engine acceleration 
aspects are considered. 

In the positive (or opening) direction of the throttle, 
the limiter D makes equal all error signals the magni- 
tude of which correspond with a position error of more 
than 8°. In this way the engine throttle opening speed 
is limited to a maximum speed of 20° per second. 

In the negative (or closing) direction, no limitation 
is introduced, and when the pilot’s control lever is * shut 
down’ rapidly, the engine throttle follows at a rate of 
90° per second. 

For small throttle movements the maximum speeds 
are not reached. 


Temperature-controlled accelerations 

The greatest problem is the large delay exhibited by 
the jet-pipe or turbine-entry thermocouple in follow- 
ing a change. This is aggravated at low engine speeds 
and high altitudes since it depends on the mass flow of 
gases past the couple. Time delays of the order of 1°6 
to 2 seconds exist. Fig. 3 shows how this delay is over- 
come. 

Curve A represents actual gas temperature and shows 
the condition where there is a step change of tempera- 
ture from a value @, to a higher value @, and a return 
to value @, after some interval of time. 

Curve B shows the thermocouple signal in response 
to the step change. The signal rises exponentially, finally 
settling to the new value corresponding with the tem- 
perature 9,. It then dies down again exponentially when 
the gas temperature returns to 4,. The delay in response 
is Clearly seen. It is relatively simple to obtain a first 
derivative or rate-of-change term from an electrical 
signal. Curve C shows the first derivative of curve B. 
Since curve B is an exponential, the derivative curve C 
is also an exponential. 
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Fig. 3 Response 
of thermocouple 


It will be seen that if curve C is added to curve B 
the resultant curve D is of exactly the same form as 
the curve A. In other words, if the rate of change of 
the thermocouple signal, suitably amplified, is added to 
the thermocouple signal, a resultant signal is obtained 
which is a measure of the gas temperature without any 
time delay being involved. 

In practice, curve B is not quite an ideal exponential, 
there being some aberration at the beginning of the 
temperature change, but it is possible to obtain an effec- 
tive reduction of the thermocouple time-delay by a fac- 
tor of about ten. Thus a fairly rapid signal-response is 
obtained from thermocouples which possess a relatively 
long time-constant. 

Fig. 4 shows the overall form of the temperature 
channel used for controlling accelerations. Block A 
represents the circuitry for reducing thermocouple delay, 
discussed above, so that a signal is obtained from A 
which is more or less an instantaneous measure of gas 
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temperature. For servo-control this signal must be com- 
pared with the command or datum at which the servo 
is designed to regulate the gas temperature. This opera- 
tion is carried out in block B. In the case of accelera- 
tions the required datum is not a constant temperature 
but depends upon the instantaneous value of compres- 
sor speed and the temperature at the compressor inlet. 
Block B is therefore more than a comparator; it is also 
a datum computer and is fed with the necessary speed 
and compressor-inlet-temperature signals to perform the 
computation. Below the schematic diagram of the chan- 
nel, the required datum curve is illustrated. It shows a 
depression in datum over a certain speed range to avoid 
the surge zone of the engine. The shape of the depres- 
sion is subject to the existing compressor inlet tem- 
perature. To be continued 
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Process control 


Practical applications to the control of gas 
mixture, combustion efficiency, inert-gas 
generation, solvent recovery and moisture 


with infra-red gas-analysers 


by A. E. MARTIN, o.sc., A. M. REID, a.M.BRIT.1.R.E. and J. SMART 
Sir Howard Grubb, Parsons & Co. Ltd. 


In Part 1, published last month, we described the 
principle of operation of the infa-red gas-analyser. 
After discussing sampling problems we went on to 
consider the analyser as an element in a control 
loop. 


Theory 

Much has been written on theoretical aspects of con- 
trol and this topic can only be touched on briefly here. 
(See for example Young (3)). Let us suppose that the 
problem is to adjust operating conditions continuously 
sO as to maintain the output of the infra-red gas- 
analyser (which may be a current or pressure, p,,) as 
nearly equal as possible to a desired value, ps. Any 
difference between p,, and py may be regarded as an 
error signal 8. The output current from the analyser 
when applied to an electro-pneumatic converter pro- 
vides a pneumatic signal with which a valve or other 
control element may be operated in such a manner as 
to reduce 9 to an acceptably small value or even to 
zero. 

The simplest control system is on/off and might be 
applied, for example, to tunnel ventilation, the require- 
ment being to switch on ventilating fans when the con- 
centration of carbon monoxide reaches a prescribed 
level. More refined control is provided by a propor- 
tional controller which applies control action propor- 
tional to the error signal. Thus a large amount of car- 
bon monoxide would cause the fans to run at full 
speed whereas a small amount would require them to 
run at low speed or fewer fans to operate. The ‘ pro- 
portional band ’ is defined as the percentage of full scale 
on the measuring instrument which brings into action 
full control. Thus if full scale corresponds to 0°05% 
carbon monoxide and this invokes maximum ventila- 
tion, the proportional band would be said to be 100%. 

Fig. 5 indicates the possible course of events follow- 
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ing a sudden disturbance to the operating conditions 
in a chemical plant. In the absence of corrective action 
the error signal 8 would change to 4, but we will sup- 
pose that a controller is provided to reduce @ to an 
acceptable level. The manner in which @ is corrected 
will depend on the characteristics of the control system 
and in many cases the correction curve will be similar 
to one of the alternatives shown. AB represents dead 
time during which there is no indication of any change 
in the operating conditions and therefore no corrective 
action can be taken. To make the best use of the first 
signs of change derivative control is employed, but 
even this may not be rapid enough to prevent danger- 
ous conditions from being set up in the plant, and other 
overriding controls operating on temperature or pres- 
sure at danger points must be provided. 

Different plants may have very different requirements. 
A large and complex chemical plant will have numer- 
ous time lags and operational changes will normally 
occur quite slowly. The principles of control will fol- 
low well-established lines and extremely good control 
should be possible in most cases. 

On a solvent recovery plant, however, the require- 
ments are quite different and a relatively simple control 
system is adequate. This type of plant is discussed in 
the next section. 

PRACTICAL APPLICATIONS 

In many cases the use of an infra-red gas-analyser as 
an automatic controller is straightforward. Reverting to 
the example of tunnel ventilation, since the large fans 
normally used inevitably take a considerable time to 
reach full speed and to slow down again when the cur- 
rent is switched off, the control system will present 
little difficulty. As soon as the carbon monoxide reaches 
the chosen concentration the fans start up automatically, 
reduce the carbon monoxide level to a prescribed lower 
limit, and are then switched off. 











Mixture of gases 

A more difficult control problem is that of mixing 
two gases A and B and maintaining the proportions 
constant. In Fig. 6, A and B are conveyed by separate 
pipe lines which finally meet to give mixed gas in a 
single pipe. It will be supposed that the flow of A is 
liable to vary and the flow of B must be varied by a 
controller in order to keep the concentration of A in 
the mixture constant. Either one or two analysers may 
be used. If one only is employed the concentration of 
A is measured directly while if two are used to measure 
A and B separately, the ratio will be automatically in- 
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Fig. 5 Action of controller in typical system 


dicated and any departure from normal used to actuate 
the controller which in turn varies the opening of 
valve V. 

Suppose that an error signal @ from the analyser or 
ratiometer requires an angular change of C,@ in the 
position of valve V in order to reduce @ to zero and 
that the valve is driven by a d.c. motor, suitably geared 
down, from the amplified error signal so that an angu- 
lar change of C,@ in the valve position corresponds to 
an angular change of C,@ in the motor armature posi- 
tion, C, and C, being constants. When the step change 
occurs, producing an instantaneous error @, a torque of 
C;@ acts on the motor armature, C; also being a con- 
stant, and the equation of motion is 


2 
c,9 82 +. ce =0 
dt® 


where J is the effective moment of inertia of the arma- 
ture and associated moving parts. The form of this 
equation indicates that the valve will oscillate sinus- 
oidally about the mean position and in order to obtain 
a steady value it is necessary to introduce a damping 
signal which may conveniently be obtained by attach- 
ing a tachometer generator to the motor so that a d.c. 
voltage proportional to the angular velocity of the motor 
shaft is produced. This voltage is subtracted from the 
amplified error voltage so that the driving torque is 


dé : 

reduced by aig where C, is a constant. The 
t 

equation of motion now becomes 


2 
dt® dt 
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and by choosing a suitable value for C,, the system may 
be damped to any desired degree. 


Combustion efficiency 

The maintenance of maximum efficiency in many 
types of combustion equipment is of great economic 
importance since enormous quantities of various fuels 
are consumed in this manner. With large air-to-fuel 
ratios the carbon dioxide is diluted and a comparatively 
low carbon dioxide concentration found; but as the air 
supply is reduced the carbon dioxide rises steadily until 
a maximum is reached and thereafter the dioxide is 
progressively replaced by monoxide, which therefore 
increases while dioxide diminishes to a low value. At 
large air-to-fuel ratios energy is wasted in heating use- 
less air while at low ratios unburnt carbon monoxide 
represents a loss of energy. 


It is clearly impracticable to control combustion con- 
ditions by means of the carbon dioxide content since a 
given concentration corresponds to two different air/ 
fuel ratios. One possible method of control is to make 
use of the fact that in the neighbourhood of the car- 
bon dioxide maximum a small amount of monoxide 
exists and its concentration is very sensitive to the air/ 
fuel ratio. It is possible therefore to choose a small 
monoxide concentration, say 0°5%, and control at this 
level. One drawback to this procedure is that if at any 
time the air supply should be increased substantially the 
monoxide will drop to zero and control will be poor. 










Amplified 
i.r.g.a. signal 


Fig. 6 Controlled mixing of two gas streams 


An alternative method of control (patent applied for) 
is to use an infra-red gas-analyser sensitive to both 
monoxide and dioxide, the relative sensitivity being ad- 
justed so that 

[CO] + k [CO,] 
as indicated by the output signal (k being a constant), 
rises steadily as the air/fuel ratio is reduced. 


Inert gas generation 

In many industries an adequate supply of gas to pro- 
vide an inert atmosphere is essential and several manu- 
facturers provide suitable gas generators which depend 
on the controlled combustion of a readily obtained 
fuel such as town’s gas, fuel oil, propane, etc. (Fig. 7). 
The products of combustion comprise mainly carbon 
dioxide, nitrogen and water vapour together with small 
quantities of one or more of the following: oxygen, 
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hydrogen and carbon monoxide. In some cases carbon 
monoxide must be completely absent while for other 
purposes oxygen must be eliminated. Water vapour 
is readily removed by condensation and adsorption dry- 
ing, while carbon dioxide and other acidic gases such as 
sulphur dioxide may be removed, if desired, by mono- 
ethanolamine solution, which has the advantage as an 
absorbent that it can be regenerated when necessary by 
applying heat and driving off the carbon dioxide. Rea- 
sonably pure nitrogen can be produced quite cheaply 
in this manner. 

Quality control is applied with an infra-red gas- 
analyser by monitoring carbon monoxide in the com- 
bustion gas. Fortunately, high sensitivity to this gas is 
obtainable (full scale for 0°05% by volume) and all that 
is necessary is to control the air/fuel ratio to main- 
tain a constant low level of carbon monoxide. Allter- 
natively, if carbon monoxide is to be completely absent, 
a small pilot combustion may be controlled to give a 
small carbon monoxide content, while the main com- 
bustion is carried out with an air/fuel ratio increased 
in a fixed ratio with respect to the pilot combustion.* 


Solvent recovery 

Every year, by use of active carbon in specially de- 
signed plants, many millions of gallons of solvent used 
in various industrial processes are recovered from the 
atmosphere and used again. Two types of plant have 
been developed for this purpose; one is static and dis- 
continuous while the other is capable of continuous 
operation. In each case an infra-red gas-analyser can 
be used to control the operation of the plant. 

In the static plant one or more adsorbers charged 
with active carbon are used to extract solvent from the 
air stream until the carbon approaches saturation. When 
this condition is reached the air supply is either shut 
off altogether or diverted to fresh units, while steam is 
fed into the saturated units to drive off the solvent 
vapour which can subsequently be condensed and separ- 
ated from the accompanying water. By having several 
adsorbers and staggering their operation, virtually con- 
tinuous operation can be achieved. The function of the 
infra-red gas-analyser is to determine when each adsor- 


*Our thanks are due to Messrs. W. C. Holmes & Co, Lid. for information 
regarding inert gas generators. 
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ber reaches saturation by monitoring the air leaving the 
unit, break-through of solvent indicating that the ad- 
sorber is ready for steaming. Automatic operation of 
valves can readily be provided so that fresh units are 
brought into action as required, while saturated units 
are steamed out for a pre-determined time so as to be 
ready for use in their turn. 

The continuous recovery plant employs a single bed 
of active carbon which rotates slowly and continuously. 
While a large part of the adsorber is being charged with 
solvent, steam is passed through another section, already 
saturated, in order to drive off the solvent. Up to a 
certain throughput no control action is required but for 
large installations where several units may be installed, 
in order to obtain economical operation additional units 
can be switched on and off according to the load. The 
total quantity of solvent passing into the plant in unit 
time is obtained by multiplying together the air flow and 
concentration of solvent; and the minimum number of 
units necessary to deal with this quantity of solvent are 
automatically put into operation. In this case the infra- 
red gas-analyser is used rather differently since the sol- 
vent concentration is measured before the air stream 
enters the adsorber. 

For either type of plant it is the function of the con- 
troller, acting on information supplied by the infra-red 
gas-analyser, to switch units in or out as may be neces- 
sary, a reasonable time lag being introduced to prevent 
unnecessary switching. Such control depends mainly 
on the ingenious use of relays and timers and more 
elaborate control devices would be out of place. 


Moisture control 

As a final example, the moisture content of process 
air is frequently important, e.g. processes involving 
paper, and rapid control of humidity is essential. An 
infra-red gas-analyser can be used to monitor water 
concentration and by controlling a water spray main- 
tain relative humidity at any desired level, provided 


that air temperature is also maintained constant. 
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ELECTRICAL TRANSDUCERS-I0 Part A 


An account of the latest developments 
as well as established practice in this 
branch of temperature measurement 


Resistance thermometry 


by K. M. GREENLAND, B.Sc., PH.D., F.INST.P., F.R.M.S. 
British Scientific Instrument Research Association 


RESISTANCE THERMOMETRY IS BASED ON THE CHANGE IN 
resistance of an electrical conductor with temperature. 
The temperature coefficient of resistance of a suitable 
metal can be very stable and reproducible, and resist- 
ance values at different temperatures can be compared 
with great accuracy. These two facts give the resistance 
thermometer its superiority over other thermometers in 
the range — 200°C to 1200°C. It holds a high position 
as an industrial thermometer because, in addition to its 
accuracy, reproducibility and excellent stability, it is 
very sensitive, easily coupled to standard indicators, 
recorders and controllers, and readily adjusted to cover 
narrow or wide temperature intervals. 

Among the metals which have a high temperature 
coefficient, platinum gives the most stable and repro- 
ducible resistance element. In its most refined form the 
platinum resistance thermometer is in fact specified for 
the determination of temperatures on the International 
Temperature Scale between the boiling point of liquid 
oxygen and 630°C. Platinum is chosen not only for 
precision thermometry but also for the majority of 
industrial resistance thermometers. The only other metal 
which is used to any considerable extent is nickel. This 
is cheaper, so that a more robust gauge of wire can be 
used, and it has a temperature coefficient 50% higher 
than that of platinum, giving an even higher sensitivity. 
The upper limit of its working range is set by the Curie 
point at 360°C. The other disadvantages of nickel are 
that its temperature coefficient of resistance cannot be 
controlled as closely as can that of platinum, and the 
relationship between temperature and resistance is far 
from linear, whereas that of platinum is nearly linear. 

In recent years the commercial production of the 
thermistor (‘ thermally-sensitive resistor ’—a semicon- 
ductor having a very high negative temperature coeffi- 
cient of resistance) has been developed to a point at 
which the stability of a thermistor resistance thermo- 
meter can generally be relied upon to within 0°1°C per 
annum. Thermistor elements are particularly useful for 
the direct operation of relays in temperature control. 

Those advantages of the platinum resistance thermo- 
meter which are due to the purity and stability of the 
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metal are shared with noble-metal thermocouples; what, 
then, determines the choice between resistance thermo- 
meter and thermocouple for a particular application? 
The salient feature of the resistance thermometer is that 
it is very much more sensitive to a change in tempera- 
ture than is a platinum/platinum-rhodium thermo- 
couple. Even the more sensitive low-temperature noble- 
metal thermocouples and the base-metal thermocouples 
do not give a signal as large as that from a platinum 
resistance thermometer in its appropriate resistance 
bridge circuit. A 10°C scale range is possible with the 
resistance thermometer and an additional advantage 
is that by a simple adjustment of the bridge resistances 
the temperature interval chosen for the full scale range 
may be placed anywhere within the working limits of 
the thermometer. An incidental advantage of the large 
signal from the element itself is that the thermal e.m.f.s 
do not cause trouble and there is, of course, no cold 
junction temperature to be controlled or compensated. 

Since the measuring circuit for a resistance thermo- 
meter can be an a.c. bridge the output signal is ready 
for electronic amplification without the intervention of 
the d.c.—a.c. converter (the vibrator or ‘ chopper ”) which 
must be used with a thermocouple. Alternatively it is 
possible to use a d.c. bridge with either a chopper and 
electronic recorder or an electromechanical (galvano- 
meter) recorder. Sufficient power can be controlled by a 
resistance thermometer—d.c. bridge combination to 
actuate a moving-coil relay without any amplification of 
the thermometer output. 


CONSTRUCTION OF A RESISTANCE THERMOMETER 

Resistance thermometers may be divided into two 
classes, the precision type and the industrial type. (This 
does not imply that the industrial type is of low accur- 
acy—on the contrary, the emphasis which has already 
been laid on the superior accuracy of resistance thermo- 
meters is justified by the performance of the industrial 
type.) Differences in the method of construction be- 
tween these two classes are due on the one hand to 
the necessity of avoiding any possibility of strain in the 
resistance wire for the highest precision, and on the 
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other hand to the requirement that an industrial ther- 
mometer shall withstand the hazards of industrial use— 
vibration and mechanical shock. The internal connexions 
also differ; the precision thermometer is usually pro- 
vided with separate current and potential leads for the 
potentiometric method of resistance measurement; the 
industrial thermometer may have two, three or four 
leads and a resistor for standardizing the output. 

A thermometer of the precision class is capable of 
measuring temperature to 1/1000°C. It would be used 
in national and industrial standardizing laboratories, in 
apparatus such as bomb calorimeters, and in analytical 
procedures based on accurate determinations of boiling 
or freezing points. In industrial applications the accur- 
acy of measurement is generally about + 4%; it is deter- 
mined rather by the meter or control unit than by the 
thermometer itself, but with more refined control appar- 
atus limits of + 1° at 1200°C are maintainable. 





Fig. 1 Precision resistance thermometer made by H. Tinsley 


& Co. 


The precision thermometer 

The design illustrated in Fig. | may be taken as an 
example of a commercially produced precision thermo- 
meter; it is based on the work of C. R. Barber of the 
National Physical Laboratory. The platinum resistance 
element consists of two formerless helical coils loosely 
supported in thin-walled glass tubes. Two short thick 
platinum leads are attached to each end of the coil and 
are pinched in the upper ends of the glass tubes. Out- 
side the pinch a gold lead is welded to each platinum 
lead and these four leads are carried in two twin-bore 
silica sheaths. The elements and leads are protected by 
an outer glass sheath which carries at the ‘cold’ end 
a connecting head for the four-core connecting cable, 
thermally insulated to ensure that thermal e.m.f.s at the 
junctions are exactly balanced. The sheath is gas-tight 
and is filled with dry helium. 

The four-lead construction makes it possible to use 
this thermometer either with a potentiometer or with a 
Smith or Mueller bridge. In the potentiometric method 
a steady current is passed through the thermometer coils 
by means of one pair of leads and the p.d. across the 
coils alone is measured by connecting the other pair of 
leads to a potentiometer. This p.d. is compared with that 
across a standard resistance in series with the thermo- 
meter coils; The ratio of the two voltages is then equal 
to that of the two resistances. The Smith and Mueller 
bridges are refinements of the Wheatstone bridge. They 
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are designed to eliminate the effect of lead resistances 
and to simplify the procedure of accurate measure- 
ment. All four leads of the thermometer are connected 
into the bridge. 


The industrial thermometer 

In resistance thermometers intended for reliable ser- 
vice and long life under industrial conditions the design 
which ensures for the resistance element a completely 
strain-free condition is abandoned for one which gives 
a rugged structure and quite a small size of thermo- 
meter. The coil is always wound on a former. For high 
accuracy this may be of two crossed mica strips with 
the wire held in notches in the edges of the strips; for 
fast response a flat element is formed by winding the 
wire on a single mica strip; for durability, however, the 
favoured construction consists of a cylindrical ceramic 
former carrying the resistance helix, which is coated, 
after winding, with a glaze to protect it and hold it 
firmly in place. Anodized aluminium is sometimes used 
instead of ceramic, to reduce strain due to differential 
expansions. The thermometer coil with its own leads 
(and sometimes one or two extra leads for temperature 
compensation) are protected by a sheath which is 
usually of alumina or steel. It may be filled with air 
or hydrogen. 

A great variety of sheath dimensions is available: 
the sheaths are normally 6in. or more in length and 
} in. or more in outside diameter. Improvements in the 
technique of construction are making it possible to 
reduce the diameter and length of the thermometer 
coil and to strengthen it against vibration. For very 
special purposes thermometers in sheaths with an out- 
side diameter of 4mm have been made. A series of 
industrial resistance thermometers is illustrated in Fig. 2. 

When the greater accuracy conferred by platinum is 
not required, nickel is able to offer the advantages of 
cheapness, robustness and a 50% greater sensitivity. 
For surface temperature measurements in the range 
— 50°C to 150°C, resistance elements of ‘001 in. dia- 
meter nickel wire are made in the form of a flat grid 
and embedded in Bakelite on a Bakelite-impregnated 
backing film. These are cemented to the surface under 
test. 

One of the outstanding features of platinum resistance 
thermometers is the reproducibility of their resistance- 
temperature relationship. It is therefore possible to 
supply factory-adjusted thermometers which are truly 
interchangeable. The length of wire in the thermometer 
coil is first adjusted to give a standard increase of resist- 
ance when the temperature rises from 0°C to 100°C 
and a manganin or minalpha ballast resistance is then 
added to bring the ice-point resistance to a standard 
value. This ballast resistance is built into the head of 
the thermometer. 


Speed of response 

Although the construction of a resistance thermometer 
gives it a higher heat capacity that that of a thermo- 
couple the time constant is determined as much by the 
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sheath as by the sensing element. Figure 3 demonstrates 
the effect of sheathing a fast resistance thermometer. 


CALIBRATION AND CHOICE OF FUNDAMENTAL INTERVAL 
The resistance R; of a platinum resistance thermo- 
meter at temperature ¢ (t > 0°C) is related to the re- 
sistance R, at 0°C by the relationship. 
R,; = Roi + at + bt’) 
For t < 0°C the relationship is more nearly 
R, = R,[1 + at + bt? + c(t — 100)0°] 

In very accurate work the constants a, 5, and c are 
determined by measurements at the ice point and the 
boiling points of oxygen, water and sulphur*. For less 
exacting applications the bridge circuit associated with 
the indicator or recorder is adjusted to balance point 
with a standard resistor representing the thermometer, 
and the scale, marked in °C or ‘F, is printed to a pre- 
determined scale form. The thermometer with its bal- 
last resistance already built-in will then give an indi- 
cation correct to, say, 0°5%. An alternative method of 
adjustment applicable to cam-driven pen recorders is 
to adjust the cam. Individual pointing of the instru- 
ment scale is resorted to when greater accuracy is de- 
manded. 

The range of resistance variation for a given tem- 
perature range is determined by the value of (Rioo—Ro) 
where Rj. is the resistance at 100°C. The magnitude 
* In British Standard 1904-1952 (Commercial Platinum Resistance Thermometer 


Elements) are given the values of these constants which may be assumed for 
thermometers constructed in accordance with the Standard. 





Fiz. 2 Industrial resistance thermometers produced by the 
Cambridge Instrument Co. 
In the top row, left to right, are : |—Mica former enclosed in flat metal 
sheath. Sensitive bulb held in position by flat spring. Intended for screw- 
ing into steam pipes and places where there is considerable vibration. 
2—Standard steatite bulb for same uses as 1, but not under vibration. 
3—For flange mounting in flues, steam pockets, etc. 4—Quick-response 
instrumen: tor fluid temperatures up to 120°C. In the bottom row, left 
to right, are: 1l—Special notched mica former in metal sheath, for 
meat temperatures. 2—Standard steatite bulb in vulcanized rubber, 
mainly for ships’ holds. 3—Standard steatite bulb, hermetically sealed, 
for usc in soil. 4—Small steatite bulb for sub-zero temperatures. 
5—Standard steatite bulb assembly with weatherproof terminal head, 
jor outdoor use. Middle row, left to right: I1—Bifilar loop of silk- 
covered wire in brass capillary wound in ring; designed for blanket 
temperature-measurement, but also used for gas ducts etc, 2—Small 
steatite bulb mounted perpendicularly for quick-response measurement of 
air temperature in cold stores etc. 


Final temperature, ‘/o 





20 30 40 50 60 70 80 90 


Time, sec 


100 


Fig. 3 Special fast-response resistance element by the Foster 

Instrument Co. Curve A shows response of thermometer 

immersed in oil, curve B the response of a wax-embedded 

thermometer in a stainless steel pocket, and curve C the 

response of the thermometer in the same pocket without 

wax. The instrument has double-silk-covered and varnished 
formerless nickel windings 


of this term is known as the fundamental interval (f.i.) 
of the thermometer; its specification is all that is re- 
quired to determine the nominal electrical characteris- 
tics of a platinum resistance thermometer, since it also 
defines R, with fair accuracy. This is due to the fact 
that the ratio Rioo/ Ro is very sensitive to impurities in 
the platinum, and only wire having a minimum value 
of 1:390 in the strain-free condition is (or should be) 
used. A value of 1:3923 is achieved commercially. As 
the maximum value attainable is 1:3925, the value is 
closely controlled. Thus, the fundamental interval is 
nearly equal to 0°4 Ro. 

The fundamental interval may be chosen to suit the 
characteristics of a standard indicator or recorder, the 
higher values being suitable for the shorter ranges, but 
in the case of installations with long uncompensated 
leads it is necessary to have a thermometer coil of high 
resistance (and hence a large fundamental interval) in 
order that variations of lead resistance with temperature 
shall not be significant. Normal f.i. values range from 
four to ten ohms (R, from 10 ohms to 25 ohms) with 
25 ohms to 30 ohms as a high value. A coil of ten 
ohms f.i., a value favoured for precision measurements, 
requires two metres of 0:1 mm diameter wire. Nickel 
resistance thermometers are made with fundamental in- 
tervals up to thirty ohms. 


MEASURING CIRCUITS 

The simplest way of detecting changes in the resist- 
ance of the thermometer is to apply a constant e.m.f. 
and to measure the current in the circuit. As the vari- 
able component of the current to be measured is small 
compared with the steady component, this is not a sen- 
sitive method and is not much used in normal practice. 
A modified Wheatstone bridge circuit (shown in its 
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simplest form in Fig. 4) is favoured for industrial mea- 
surements, but a more refined bridge or potentiometer 
is required for precise work. 

The precise methods have already been briefly des- 
cribed, so attention will now be given exclusively to 
methods suitable for industrial thermometry. 

There are two ways of operating the Wheatstone 
bridge: one (the deflexion method) is to hold the three 
bridge resistances constant and to indicate or record 
on a galvanometer scale (graduated directly in degrees) 
the off-balance current, which is a measure of the resist- 
ance and hence temperature of the thermometer; the 
other method is to adjust one of the bridge resistances, 
or to vary the ratio of two of them, to maintain balance 
of the bridge. In the latter method (the null-point 
method) the position of the slider of the variable resist- 
ance is indicated on a scale graduated in degrees. 

In the deflexion method, the deflexion of the gal- 
vanometer depends on the bridge voltage, so this must 
either be supplied by a constant-voltage source or else 
it must be adjusted to a standard value before a read- 
ing is taken, a fixed resistance being substituted for the 
thermometer. In the null-point method the position of 
the slider for balance is independent of the bridge 
voltage; the only effect of variations in this voltage is 
to affect sensitivity to a minor degree. 

Both methods are catered for in the standard ranges 
of industrial indicators, recorders, and controllers. The 
null-point method is now commonly operated by self- 
balancing electronic servo-amplifiers and in this case 
the bridge is usually a.c. operated. 

The bridge current is chosen to match the sensitivity 
of the measuring transducer (deflexion or null-point), 
but a maximum is set by the self-heating characteristics 
of the thermometer. Normal bridge currents are be- 
tween 20mA and 50 mA and with such comparatively 
low currents the error due to self-heating is negligible. 
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Fig. 5 Self-balancing bridge 
for three-lead thermometer 


The simple Wheatstone bridge circuit (Fig. 4) is quite 
adequate for measurements of moderate accuracy, but 
variations of the resistance of the connecting cable with 
temperature contribute an error to the indicated tem- 
perature. The two-lead thermometer used here should 
therefore be of high resistance. Since only moderate 
accuracy is expected with the two-lead system the de- 
flexion method is normally used for indication. A cur- 
rent of 100 »A is a typical value for full-scale deflexion, 
and this current can be indicated by a galvanometer 
designed to operate satisfactorily in industrial environ- 
ments. 

The two-lead system is convenient for multi-point 
installations as the switching is simple, but although 
temperature differences in the leads will not bring in 
serious errors, different lengths of lead could cause 
zero errors; it is therefore necessary to add cable bal- 
last resistances adjusted for each run of cable to equal- 
ize the total resistance of each circuit. 

When greater accuracy is called for than can be 
given by the two-lead system, and especially when cable 
runs of several hundred feet have to be provided, a 
bridge circuit is employed in which the resistance of the 
cable does not affect the balance-point of the bridge. 
To match this improvement, it is usual to operate on 
the null-point method in order to eliminate bridge volt- 
age variations entirely. The circuit for a three-lead ther- 
mometer with electronic amplifier and self-balancing 
bridge is shown in Fig. 5. It will be seen that the two 
current-bearing leads to the thermometer are connected 
in adjacent arms of the bridge and a third lead, the 
resistance of which does not affect the balance of the 
bridge, connects the thermometer coil to the detecting 
unit. Provided, therefore, that the resistances of the two 
current leads remain equal they do not affect the null- 
point setting. This combination of three-lead thermo- 
meter and self-balancing bridge will give an accuracy 
of about 0°5°C and a reproducibility of about 0:2°C 
for a scale range of 100°C at any temperature up to 
500°C. 


References : 
1. Beakley, W. R.: J. Sci. Instrum., 1951, 28 Gune), p. 176 
2. Zeffert, B. M., and Witherspoon, R. R.: Anal. Chem., 1956, 28 (Nov., 


No. 11), p. 1701 
To be continued 
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The Measurement and Control Section of the I.E.E. 
talked over ‘Data Handling Problems in Atomic 
Installations ' when they met on Tuesday, Decem- 
ber 15. Here the opening speaker enlarges on the 
remarks that he made, and reports the discussion 


that followed 


Handling 
nuclear data 


by DENIS TAYLOR, M.sSc., PH.D., M.I.E.E. 


Director, Plessey Nucleonics Co. Ltd. 


DATA HANDLING SYSTEMS ARE BEING USED ON AN 
increasing scale in chemical plants and other industrial 
installations. Data handling is now beginning to make 
an impact on nuclear energy installations, particularly 
in the case of nuclear reactor plants. 

Although the control of present types of gas-cooled 
nuclear-reactor plant can be regarded as inherently 
simple, many measurements apart from those of the 
neutrons in the reactor core are necessary for safe and 
efficient operation. For example, it is important to check 
the flow, pressure and temperature of the coolant as it 
passes through the core. Fuel elements and moderator 
temperatures must be measured to ensure that they 
do not rise above the highest permissible working tem- 
perature. Provision must be made for detecting any 
escape of radio-active products so that steps can be 
taken to avoid contaminating the coolant circuit. Other 
instruments are needed to measure the amount of radi- 
ation at various locations around the plant. The result 
is a great complexity of instruments and large quanti- 
ties of information which have to be logged or recorded. 

Present developments involve the provision of data- 
handling systems to observe the measurements made by 
all the many instruments, and call the attention of the 
control engineer to any abnormality in the readings. 
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B.S.D. data processing system for 
the C.E.G.B. station at Berkeley 


An additional facility is also provided, when necessary, 
for checking the sequence of events leading to such 
abnormality. This calls for the provision of some 
memory system. It is not usually necessary to look back 
very many hours, so the provision of a data-handling 
system with a memory can result in a simplification of 
the whole system. Furthermore, when something goes 
wrong and a particular instrument or group of instru- 
ments indicates a value markedly different from the 
standard value, or varies its indication at a rate differ- 
ent from normal, it is possible to call the operator’s 
attention to the abnormality so that corrective action 
can be taken. In some cases, it is appropriate, of course, 
for the corrective action to be initiated automatically. 


Data handling at other types of plant 

The provision of data-handling systems at nuclear 
installations is a definite trend, but it not limited to 
nuclear power stations. Elaborate data-processing sys- 
tems are being proposed for other types of plant, notably 
isotope separation plants. Generally, two different re- 
quirements have to be met. Firstly, data handling (and, 
if necessary, data processing) is provided at nuclear 
plants to ensure safe and efficient operation of the plant; 
and secondly, data processing is provided for statistical 
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investigation of the causes of abnormalities, etc. Both 
are equally important at this stage because of our 
usually incomplete knowledge; but as time goes on, and 
our experience is extended, and reactor types become 
more standardized, the first will obviously assume the 
major importance. 


Data handling at nuclear reactor plants 


Although data-processing systems have been installed 
on a number of power reactors for some specific pur- 
pose, the complete system as envisaged in my opening 
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Fig. 1 Pulse duration modulation equipment 


remarks is still a long way off. However, complete data- 
handling systems have been evolved for nuclear power 
tests, automatic data-reduction replacing hand logging 
and plotting. Fast accurate systems of this type have 
been constructed to gather the transient and steady-state 
data needed for the design of efficient and safe nuclear 
power plants in the future. 

Examples of this type of system are available in the 
literature. Thus, Edwards (/) has described a nuclear 
power test-loop in which the quantities monitored, of 
the order of a thousand input variables, are passed as 
electrical signals to a programming patch panel, and 
then passed to a recording and monitoring panel, a 
scram monitor, a slow data-reducer, and a fast data- 
reducer feeding into a digital computer. 

In the case of actual nuclear power stations, data- 
handling/data-processing systems have been used so 
far with only limited objectives. Thus Sunvic Controls 
(2) are building a data-processing system for the burst- 
slug detection system at the C.E.G.B. nuclear power 
station at Berkeley. They employ a system in which 
the parameter corresponding to the fission-product acti- 
vity for each channel is counted in a scaling circuit, and 
is passed as a binary count to a digital computer which 
stores the information. For most of the time the activity 
figures are normal and are not of immediate interest, 
but if any abnormality arises the control engineer is 
immediately alerted by an alarm, and the computer, 
with its memory facility, makes it possible to examine 
the sequence of events leading to the abnormality, as 
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well as continuously printing out the activity levels in 
the suspected channel from then on. In this system the 
print-out facility is an electric typewriter. 

The advantage of the data-handling system as com- 
pared with the logging of the data on miniature graphs 
on pen recorders is a considerable increase in precision 
of measurement as well as a considerable saving in 
recording paper and labour. 

Another application is in handling the thermocouple 
temperature data obtained from the several hundred 
thermocouples used in the core of each of the large 
gas-cooled power reactors being constructed in this 
country. Various systems are being proposed, some 
involving the use of rotary mechanical switches, mer- 
cury wiped relays or photoconductive crystals for high- 
speed switching to allow the thermocouple outputs to be 
measured and observed. In one system the outputs are 
presented on a c.r.t. The system is required to operate 
alarms if a particular thermocouple output moves out- 
side a specified range and with the facility as before of 
being able to examine the sequence of events leading 
to the abnormality, as well as monitoring the suspected 
part of the core continuously following the abnormality. 
As in the previous case, some memory system is neces- 
sary, and apart from measuring the absolute tempera- 
ture, it may be desirable to monitor the rate of change 
of temperature with time. 

Magnetic tape is sometimes used in data-handling 
systems for nuclear reactor plants. Halfhill (3) has re- 
cently described how magnetic-tape techniques can be 
used to multiply the effectiveness of nuclear instrumen- 
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Fig. 2 Digital recording 


tation by adding data logging, reducing and analysing 
capability. Some of the techniques used are illustrated 
in Figs. 1 and 2. 


Discussion at the I.E.E. 


At the Institution of Electrical Engineers on Decem- 
ber 15, a crowded hall demonstrated the interest and 
enthusiasm raised by the subject. There was discussion 
over a wide range of problems. Churchill of Sunvic 
Controls Ltd. gave a detailed statement on the methods 
which he had adopted in connexion with the design 
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of the b.s.d. data-processing system for Berkeley, and 
mentioned that the purpose of the equipment was to 
compare the measured variable with some maximum 
permitted level. He pointed out that as the measured 
variable was subject to statistical variations there was 
a probability of the alarm operating occasionally with- 
out a fault in a fuel element occurring, and he discussed 
this in terms of what he called a typical kind of burst. 
Clearly, by taking account of the previous history of 
the suspected fuel element channel it is possible to 
increase the probability that an alarm corresponds to 
a genuine fuel-element failure, and Churchill pointed 
out a number of ways in which this could be done. 

E. H. Cooke-Yarborough (A.E.R.E.) spoke about 
the problems of data logging in nuclear physics experi- 
ments. He referred to the large amounts of data re- 
quired for typical experiments and the long times for 
which expensive machines, e.g. multi-channel pulse- 
amplitude analysers, would be locked up if the mea- 
surements were made directly, and the considerable 
advantages which could be obtained by adopting a dif- 







Target Platinum sample 


Neutrons 
fp 


y scintillation ae 
' 
counter i? 


Electron 
linear 
accelerator 















Time of flight 
binary code 
converter 


Amplitude to 
binary code 
converter 






Tape 
recorder 


Fig. 3 Apparatus described by Cooke-Yarborough 


ferent approach to the experiment. He did this by re- 
ferring to the measurement of the gamma-ray spectrum 
of neutron capture in platinum. His apparatus is shown 
schematically in Fig. 3. The data are stored in binary 
form on a magnetic tape, and afterwards examined 
with a suitable multi-channel analyser. One advantage 
of this procedure is that the tape can be run through 
the analyser at much increased speed, thus saving 
‘machine’ time. It is also possible to increase the 
‘detail’ of the information by running the tape through 
the analyser a number of times, the machine being so 
set up on each occasion to examine a different part of 
the spectrum. 

Cooke-Yarborough’s contribution created a great deal 
of interest, because apart from the use of the technique 
for nuclear physics experiments, it has also much poten- 
tial use in reactor experiments. 

Golder (U.K.A.E.A. Industrial Group) said that the 
Industrial Group had a different outlook from that 
of the Research Establishment on the operation of data 
processing equipment. They wanted equipment which 
would operate every hour of every day for 365} days 
of every year. Hence a very high standard of reliability 
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was essential. He went on to discuss how this might 
be attained. He suggested that electromechanical devices 
might be avoided with advantage, but later in the dis- 
cussion it was pointed out that to replace a Post Office 
selector switch with a transistor circuit might involve 
as many as 400 transistors and so one must conclude 
that the selector switch was a very useful component. In 
discussing data processing systems Golder suggested 
the following broad categories: 


1. simple scanning systems with alarm facilities and 
identification, 


2. data logging systems with print-out and alarm faci- 
lities, 

3. complete systems with a large amount of data pro- 
cessing. 

J. Roth spoke at length about processing tempera- 
ture data in nuclear reactors, and McHaffer raised the 
question of whether we were wrong to set ourselves 
limited objectives (as we are doing at present) of pro- 
cessing b.s.d. and temperature measurements only. 
Would it not be better, he asked, to install universal 
machines now capable of handling all the measured 
data from a nuclear reactor plant? He also spoke of the 
need for simplifying the presentation of data to the 
operator. 

Trotter (C.E.G.B.) spoke about the economics of data 
processing and tried to analyse the man-power require- 
ments of a power station operating with conventional 
recorders as compared with one using data processing 
facilities. He took into account that the latter would 
involve more maintenance. No definite conclusion was 
reached as a result of this part of the discussion, but 
it was obvious that the problem will need to be re- 
solved, as will also the question of determining the 
other advantages gained from a data processing sys- 
tem, before policy can be decided. Trotter suggested 
that the use of data processing might: 


1. allow the plant to be operated at greater efficiency, 
ic. allow the fuel elements to be run at higher tem- 
peratures, 


2. provide increased safety to the plant, 
3. allow better economics in operating the plant. 


It was obviously important to settle these issues as 
soon as sufficient experience had been gained. 

At the conclusion of the meeting there was much dis- 
cussion about the high reliability obtained with data 
loggers in industrial (non-nuclear) plants, particularly 
in America, and estimates were made of the capitalized 
value of an operator as compared with the capital cost 
of data loggers. No definite conclusion was reached, 
except perhaps that high reliability was possible with 
these systems. 


References : 
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called on me recently, on his 
way from England to Ger- 
many. He said that he was hunting 
for good European designs to be 
produced and marketed by his firm 
in the States. This rather surprised 
me, because I would have thought 
that there was enough designing and 
developing talent over there. Time 
seems to be the thing, however, and 
it looks more profitable to use pro- 
duction know-how on existing de- 
signs than to develop new ones. 
My visitor saw little future for 
consultants in work on systems, but 
thought that there was a good mar- 
ket for manufacturers of compo- 
nents which users could fit them- 
selves. Especially where fractional 
gains in efficiency make substantial 
differences to the economics of 
plant (as in the petrochemical indus- 
try), he considered that commer- 
cial security would decide control 
users against admitting ‘systems 
experts’ from outside. However 


AQ N American electronics man 


trustworthy the consultant, the © 


knowledge he gains on one project 
may find its way elsewhere and 
save a rival some of the cost of 
development. 

This sort of argument has a spe- 
ciously reasonable ring to my ear. 
Why stop at control-system com- 
ponents? By the same sort of logic, 
firms should develop all their own 
instruments. The ultimate conclu- 
sion is that no business can feel 
safe unless it integrates right down 
to the raw materials and keeps all 
staff for life. In practice, of course, 
the line is drawn at different places 
according to the needs of different 
users. There is perhaps a broader 
market available than my American 
visitor was prepared to admit, and 
I suggest that our precious few of 
consultants need not fear too 
gravely for their future. 


HE Editor tells me of an in- 
teresting enquiry that he re- 
ceived from the instrument 


department of a New Zealand firm. 
Apparently the first news of the 
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S.1.T. came ‘ down under’ last Sep- 
tember, in CONTROL’s leading article. 
This suggests to me that the S.LT. 
should consider broadening more 
horizons than those mentioned in 
our leader. I look forward to seeing 
details of Commonwealth branches 
in an early S.LT. programme! 


OGETHER with a number 
of old boys and other friends 
of Cranfield, I enjoyed a din- 
ner-by-candlelight at the College 
about a week before Christmas. 
The guests were introduced to the 
students on the fourth guided-mis- 
siles course, and an_ interesting 
assortment of nationalities there 
was to meet. The biggest contingent 
was Dutch, with half-a-dozen mem- 
bers. Then there were five Swedes, 
four Germans, three Indians, three 
Norwegians, two Yugoslavs, and 
one each from Belgium, Denmark 
and Italy. 

The after-dinner speeches were 
particularly good, but with that ex- 
asperating kind of success that 
defies reporting. I cannot hope to 
sketch briefly enough the high 
spirits of the occasion, but I can 
mention some of the factual re- 
marks. For example, I was inter- 
ested to hear that thought is being 
given to the possibility of a one- 
year’s course on ‘space’ techno- 
logy. Indeed, from what I heard 
and saw, it is plain that diversifi- 
cation in the aircraft industry is 
being matched in Cranfield’s plan- 
ning. The first definite move is the 
establishment of an advanced 
school of automobile engineering, 
and this is due to start operations 
next October. One of the speakers 
asserted that, although the College 
is not near to any one centre of 
the automobile industry, it is on 
the centroid, so contentment should 
be properly distributed. This new 
component part will mark a step 
toward the growth of the College 
into a larger group of advanced 
schools. 

CONTROL’s leader last March ad- 
vocated a National Control School, 


and put forward Cranfield as a 
candidate for this. I think that the 
College is now even better equipped 
for such a function—and the need 
is greater than ever. 


OBODY has yet produced 
N an earlier example of an 

electrohydraulic servo than 
Westinghouse’s governor of 75 
years ago, which I mentioned in 
Pick-off a few months ago (CON- 
TROL, Sept. 1959, page 118). Instead 
I have received another challenge, 
this time on data transmission. 
I am told that in 1875 one Marcel 
Deprez, a French electrical engin- 
eer, found himself with the prob- 
lem of repeating a rotary motion 
at a distance. His method was 
to put a pair of two-segment 
commutators on to his transmitter 
shaft. These sent battery current 
alternately through two pairs of 
leads to a remote receiver. My cor- 
respondent writes that Deprez’s 





. a synchronous tie 


technique clearly anticipates by 
many years the data-transmission 
devices known in H.M. ships as 
‘M-type motors’. Although the 
Frenchman used the minimum num- 
ber of poles, fractions of a revo- 
lution were registered because the 
transmitter was moved through 
step-up gearing, and there was an 
equivalent reduction between the 
motor and indicator. In his descrip- 
tion the inventor said that the sys- 
tem could work at 2000 rev/min 
without the two units falling out of 
step. It was, he remarked, ‘as if 
one had joined them by a rigid 
shaft’; in other words, a synchro- 
nous tie. 
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A monthly review—under basic headings—of the latest control 
engineering developments for all industries; specially edited for busy 
technical management, plant and production engineers, chemical en- 
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..- to SERVOS 


An introduction to hydraulic servo 
valves—4 


R,. HADEKEL, Engineering Consultant, Sperry 
Gyroscope Co. Ltd. 


This series of articles is addressed to engin- 
eers who are conversant with servo tech- 
niques in general, and who wish to acquire 
specialized information on hydraulic servo 
techniques. The first part dealt with one of 
the keys to these techniques—the servo valve. 
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Closed-loop arrangements are characterized by very low 
sensitivity to loads on the second-stage valve, as the inner 
loop is made very stiff. Gain sensitivity to supply pressure 
is lower than with open-loop type. A diagram of possible 
feedback loops is given above. 

An example of displacement feedback is shown below. 
This requires a relatively high torque-motor output, since 
first-stage travel is equal to main valve travel. 
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An example of force 
feedback is given in 
the diagram to the 
right. The first-stage 
travel is relatively very 
small. Hence the force 
signal is nearly pro- 
portional to main valve 
travel, and the effect is 
similar to that of dis- 
placement feedback, but 
torque-motor output 
is much lower. Action 
depends on load sensi- 
tivity of torque-motor. 





Flow feedback, shown above, is relatively rare. Flow is strictly 
proportional to torque-motor output, and insensitive to supply 


pressure or load. 





gineers, etc., who are not specialized in instrument and control systems 


The second part gave the basic types of 
valves and their characteristics. The loads 
on Slide-valves and the types of two-stage 
valves were discussed in the third part. Here 
some closed-loop arrangements are shown. 
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..- to AIMING ERROR 


Miniature camera 


A midget camera, no larger than a 
cotton reel, has been designed for 
mounting in guided missiles to record 
target interceptions. It weighs 8 oz., 
has a diameter of 14 in. and is 1} in. 
long. 

The camera takes only one shot 
and is intended primarily for the mea- 
surement of missile attitude in relation 
to its target. A wide-angle lens gives a 
field of view of 186°, and the camera 
is usually triggered from a proximity 
fuze. The exposure time is 0:3 ms, 
and it uses Ilford film in the form of 
0:93 in. dia. disks punched from 35 
mm films. The electric triggering fuze 
requires 40 »J for fully reliable firing, 
at a typical voltage of 150 V. 

Miss distance can be measured to 
an accuracy of 5% and missile-to-tar- 
get attitude, derived in conjunction 
with a wing-tip camera system, to an 





Reel-ly small ! 


accuracy of approximately + 1°. In 
terms of ground axes, attitude may 
be measured to an accuracy of + 1° 
in pitch and roll, and, by reference to 
the sun, to + 3° in heading. Accuracy 
of heading measurement may be im- 
proved by the use of ground features. 

The camera was designed and deve- 
loped by W.R.E. at Woomera, and is 
manufactured by Fairey Aviation Co. 
of Australasia Pty. Ltd. 


---to FLOW RATE 





Ultrasonic flowmeter 


A flowmeter developed by B.S.I.R.A. 
operates by comparing the phase of 
ultrasonic signals transmitted with and 
against the direction of flow between 
a pair of transducers mounted in the 
pipe wall. Signals are normally pro- 
pagated in liquids at speeds of the 
order of 1500m/s; a signal travel- 
ling with the flow will make the tran- 
sit more rapidly, while one travelling 
against the flow will be retarded 
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slightly. By comparing the transit 
times through phase measurement of 
signals being propagated in the two 
directions, the velocity of flow may be 
determined. 

One of the advantages of using a 
phase-comparison system is that accur- 
acy of measurement is independent of 


speed of propagation through the 

liquid. 

eee to WA VE 
GENERATION 


Optical-mechanical system 
A function generator made by 
Advance Components produces any re- 
quired function at any frequency be- 
tween 0-01 and 100c/s. This method 
of waveform generation differs from 
conventional oscillators in that an op- 
tical-mechanical system is employed. 
A narrow slit of light is scanned by a 
rotating disk on which is impressed an 
Opaque area corresponding to the 
function to be produced, a photo- 
transistor being used as detector. 
The rotating disks (which are driven 
by a servo-controlled motor via a 4- 
speed gearbox to achieve frequency 
accuracy and stability) are readily in- 
terchangeable. The system offers great 
flexibility to the user, as it is only 
necessary to plot a function in polar 
co-ordinates for it to be available in 
varying-voltage form. 


-- fo LEVEL CONTROL 


Pneumatic Proximity-probe 

The novel bunker level-indicator of 
the Coal Research Establishment is a 
proximity-probe device working on 
low-pressure air, as distinct from elec- 
trical proximity-indicators. It is de- 
signed to indicate levels of material 
such as coal contained in conventional 
bunkers. The principle employed is 
that a low-pressure, low-flow air-cur- 
rent in a relatively large tube (2 in.) 
may easily be diverted to another 
channel incorporating an indicating 
device when the tube opening is ob- 
structed. 

The diversion is effected by a simple 
injector, fitted with a butterfly valve, 
which is included in the delivery line. 
The valve is closed until the back- 
pressure balances the induction pres- 
sure at the intake of the injector. Any 
obstruction at the end of the detector 
tube, which follows the injector, dis- 
turbs this balance, and the air supply 
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is to some extent diverted through the 
normal injector intake. The intake 
aperture is fitted with a flap which 
moves upwards when the air is 
diverted as described above, and this 
movement closes a switch in the indi- 
cator circuit. 


oe ~ to GAUGING 


Building blocks 

Building-blocks are employed often 
enough in electrical work but their 
use in pneumatic equipment is more 
rare. One of the most important uses 
for pneumatics in production engin- 
eering is in pneumatic gauging. The 
usual practice is to allow dimensions 
to fall within a given tolerance band, 
any deviation from this causing an 
alarm to be set off, indicating whether 
the component is above or below the 
tolerance allowed. In a large installa- 
tion, up to sixty dimensions may be 





Readily interchangeable 


measured automatically in this way. 
This means that for each dimension 
the tolerance band must be carefully 
set up and calibrated at intervals, and 
this calibration, together with any 
alterations in the installation that may 
be required, demands a certain flexi- 
bility which is lacking in most pneu- 
matic circuitry. 

A different approach has been adop- 
ted in the latest of the gauging units 
made by Teddington Industrial Equip- 
ment Ltd. The pneumatic-electric re- 
lays required to set up the tolerance 
band are within the unit, and the 
calibration is carried out by operating 
the toggle valve, which then connects 
the unit to a central size-indicator. 
The lights on the panel indicate the 
band in which the component lies, i.e. 
over, correct or under size. Thus 
once electrical and pneumatic sup- 
plies, and a gauging head, have been 
connected to the unit, it is ready for 
Setting up. 
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Given last month in an R.Ae.S. Branch 
lecture by S. R. Glaze, these general obser- 
vations make an epitome of the . . . 


Philosophy of an aircraft 


ON DECEMBER 3, 1959, A LECTURE EN- 
titled ‘Some Servomechanisms in 
Supersonic Aircraft’ was delivered by 
S. G. Glaze, B.Sc.,* to the Gloucester 
and Cheltenham Branch of the Royal 
Aeronautical Society. 

The lecturer made a number of 
interesting general observations, and 
some extracts from these are repro- 
duced below. 


Beginning of design 

From the initial recognition of the 
need to control a parameter, the task 
of designing a suitable system begins. 
Customarily, feasibility and/or design 
studies are undertaken on more than 
one method of achieving the desired 
objective. Once a point is reached at 
which a block diagram of the system 
proposed can be drawn, it is often 
possible to say with some certainty 
whether or not stable, accurate and 
fast operation will be obtained by 
suitable design effort. This is unfor- 
tunately only true for sizes, equipment 
and environmental conditions within 
experience. Future supersonic flight 
at least is not, in this sense, within 
experience. Absence and expense of 
test facilities in the extended ranges 
demand accuracy in initial theoretical 
explorations. Accuracy and wide en- 
vironmental investigation of, for ex- 
ample, pneumatic servomechanisms 
mean a great deal of hard work with 
a very complex mathematics. Com- 
putational aids are invaluable, and, 
of those available, none is more suit- 
able than the non-linear electronic 
analogue computer. An _ important 
point about such an approach is the 
relative ease with which variations on 
a basic theme can be investigated. 
The value of such enquiries, like most 
theoretical work, is incalculable. 


Analytical synthesis 

The modern trend is to write books 
on control system synthesis, but the 
point must soon be accepted by the 
readers that this synthesis is largely an 
analytical process. Economic and other 
factors generally demand that a new 
control system consist of components 


*Performance Engineer (Servomechanisms), H. M. 
Hobson Ltd. 
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which existed before the system con- 
cept, and other components designed 
to fit in. The suitability of fit is 
ascertained by analysis of the impli- 
cations of inclusion of suitable equip- 
ment. In short it is a trial and error 
procedure. This is a very powerful 
method of course, as nature has 
demonstrated. Nature has, however, 
taken a very long time to achieve its 
results. 

A large number of trials is often 
essential to ensure success. The most 
powerful mathematical tool in analysis 
of dynamic systems is undoubtedly 
linearization, but in order to obtain 
even imperfect knowledge of a system 
in this way it may be necessary to 
perform several analytical essays, none 
of which is necessarily short nor 
especially informative. All practical 
systems are, unfortunately, non-linear. 
Some of the best known and well 
tried servomechanisms are highly non- 
linear ; the Watt governor, the electric 
bell and the hydraulic jack are parti- 
cular examples of this truth. Nothing 
is more certain than that the inventors 
of these excellent non-linear devices 
had no understanding of the detail 
with which a servomechanism engin- 
eer of to-day would go into their 
mathematics before including them in 
his system. There is evidently a moral 
here; and one of the clues to this is 
time allowed on the increasing com- 
plexity of systems. 


Bringing in the non-linearities 

To sum up, the approach of linear- 
ization is mathematically possible but 
difficult in a complex system, and of 
limited usefulness. There has been in 
the past a tendency to demand linear- 
ity in components for reasons such as, 
firstly, that there is no satisfactory 
way of (analytically) using a non- 
linear component; secondly, that the 
non-linear apparatus is more difficult 
to control; and thirdly, that there is 
a lack of interchangeability of non- 
linear components. Non-linear dynam- 
ical systems benefit only from a very 
limited mathematics, and what there 
is of it is very laborious and quite a 
special-purpose tool. 








By making an analogue of a pro- 
posed system which accurately in- 
cludes the non-linear aspects of a 
problem, the opportunity to gain time 
is achieved. Just as the great engin- 
eers of the past could cut and try 
again until they succeeded, so can the 
engineer of to-day, with the aid of an 
analogue computer, but at a pace 
more in keeping with the times. This 
is not a sufficient approach, of course. 
A great deal of common sense must 
be compounded with a _ thorough 
understanding of linear theory in order 
to get results. An empirical approach 
must be cultivated. It is an unfor- 
tunate fact that the true value of non- 
linear equipment has been, so far as we 
can judge by results to date, under- 
estimated by most manufacturers of 
electronic analogues. It is difficult and 
expensive to manufacture this equip- 
ment to the necessary degree of accu- 
racy, which is of the order of a true 
+ 01% or better. One would have 
thought the fact that this is the only 
method of tackling non-linear prob- 
lems of this nature was sufficient 
guarantee of a market. In a non-linear 
system where amplitude of disturb- 
ance is an important parameter + 1% 
of full scale can be nonsense. 


Capturing the unknown 

Fortunately we are now in a posi- 
tion to explore much more fully, at 
the theoretical stage, systems subject 
to wide ranges of conditions—as in- 
deed we must. Computational aids are 
in fact making pneumatic systems in 
particular a more reasonable propo- 
sition for the rapidly developing air- 
craft design. To say this in front of 
aerodynamicists requires a_ certain 
amount of cheek of course, but they 
in particular are now benefiting from 
the advance in techniques. There is 
much to be learned from the aerodyn- 
amicists, and one thing in particular. 
This is the way in which aerodynamic 
theory has been supported by continu- 
ous experimentation. It is evident that 
they have reached the stage where it 
is generally accepted that experimen- 
tation is a very necessary phase of 
their activities. The servomechanism 
engineer has not yet reached the same 
eminence. It is to be hoped that this 
state of affairs will rapidly alter in the 
future. 

Theoreticians generally have a bad 
name in certain quarters because they 
have been wrong, at least partially, so 
often. This has often been due to the 
sheer difficulty and complexity of the 
problems they have been asked to 
solve. Theory, after all, is simply a 
way of expressing what is known ; that 
which is not known has yet to be cap- 
tured and labelled, and theory cannot 
manage this on its own. 
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“CONTROL IN ACTION 


Electro-mechanical 


control of 


drilling machine 


Drilling a pattern of 600 holes 
of six different diameters 
under tape programme control 


BELIEVING THAT THE IMMEDIATE FUTURE 
for controlled machining lies with the 
comparatively simple and inexpensive 
electro-mechanical co-ordinate posi- 
tioning type of machine, Vero Preci- 
sion Engineering have developed the 
‘ Auto-Drill’, a programme-controlled 
turret-head drilling machine. Marketed 
at £3600 by Catmur Machine Tool 
Corporation, the Auto-Drill employs 
the Airmec Autoset (type N271) con- 
trol system. This is non-electronic, 
operation being based on 24 volt d.c. 
switching by Post Office relays, a fea- 
ture which is thought to appeal to 
the industrial user who may lack ade- 
quate maintenance facilities. 


Spindle control and operation 

The turret incorporates adjustable 
dogs to operate the fine-feed and 
depth-stop controls for each of the 
six drilling spindles, the whole index- 
ing together. Microswitches signal to 
the Autoset ‘operation started’, to 
lock all table and spindle-movement 
controls and allow the punched tape 
to feed; and ‘ operation completed ’. 
Spindle and speed selection is con- 
trolled in association with the Autoset 
by a three-wafer six-position rotary 
switch above the drill turret. Once the 
table is correctly positioned and the 
required spindle selected in accordance 
with the tape programme, the Autoset 
signals for air to be admitted to the 
air-hydraulic system, and the spindle 
descends until the fine feed micro- 
switch is operated. The latter actuates 
a solenoid pilot-operated valve to 
divert hydraulic oil through an adjust- 
able restrictor valve, and the spindle 
then descends at the required feed 


CONTROL January 1960 


speed. This continues until the depth- 
stop microswitch is operated to re- 
verse the air control and the spindle 
rises. The hydraulic oil is de-restricted 
during this movement to allow the 
spindle to return rapidly. 

The dogs for * fine feed” and * depth 
stop’ are adjustable in position to 
allow for their operation at any re- 
quired range of feed traverse. 

The appropriate turret is selected 
by a signal from the Autoset, the tur- 
ret indexing round until the rotary 
switch contacts provide a signal coin- 
cident with the Autoset’s demand, 
when the indexing relay closes to halt 
the turret. Machining cannot com- 
mence until the correct spindle has 
been selected and the table is in posi- 
tion. 

Although primarily a fully automa- 
tic machine the control panel (on the 
left of the turret in Fig. 1) can be 
used for manual setting of the ‘X’ 
and ‘ Y ’ axes, the spindle number and 
speed selection. It is used mainly dur- 
ing setting-up. A lamp _ indicates 
whether the machine is on ‘ auto’ or 
‘manual’, and interlocks ensure that 
‘auto’ cannot be used unless the drill 
motor is switched on. Other interlocks 
ensure that the ‘up’ or ‘ down’ inch- 
ing buttons for the spindle feed are 
inoperative when on ‘auto’ so that 
the programme cannot be interfered 
with once it has started. 


Positioning the table 


The Airmec Autoset system operates 
by accurately measuring the total 
angular rotations of the two lead 
screws. This is performed by sensing 
heads, or ‘ positioner units’, which are 


Fig. 1 Vero Auto-Drill tape-programme 
controlled drilling machine 


directly connected to each of the lead 
screws on the longitudinal and cross 
traverses. 

Each lead screw is driven by a re- 
versible electric motor via a gear box 
and clutch unit. When a lead screw 
nears the required position, a signal 
is passed to the control unit, causing 
the motor to slow to half speed. 
Nearer the final position, a signal is 
passed by the positioner unit to a 
magnetic clutch in the gearbox-clutch 
unit, and this disengages direct drive 
and brings in a 25:1 reduction gear. 
The run-in to the final position then 
takes place at slow speed and, as 
the lead screw reaches its position, a 
further signal causes the magnetic 
clutch to disengage the drive and the 
table halts. 

The final accuracy is, of course, de- 
pendent on the accuracy of the lead 
screws, although back lash has been 
avoided by arranging that the final 
approach always takes place in the 
same direction. When the table is mov- 
ing from, say, lin. to 10in., all 
movement may be in one direction and 
no back lash problem arises. When 
moving from 10 in. to 1 in., however, 
backlash is overcome by allowing 
the table to over-run down to 0°9 in. 
and then return to the 1-in. point for 
final positioning. The makers claim 
a repeat accuracy within 0-0005 in. of 
nominal, and the machine is guaran- 
teed to provide an overall drilling 
accuracy of + 0-003 in. Special jigg- 
ing should reduce this to + 0-001 in. 


Autoset control 
The basic method of control em- 
ployed in the Airmec Autoset will be 
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apparent from the diagram Fig. 2. A 
series of commutator sensing elements 
SE1, SE2, SE3, and SE4, provide pro- 
gressively finer settings. The control 
switches SW1, SW2a, SW2b, SW3a, 
SW3b, SW4a, SW4b and SW5 and 
relays D2, C2, B2 and A2 are each 
associated with their respective sens- 
ing elements. Contacts from these re- 
lays connect motor control relays El 
and Fl (forward and reverse motor 
drive) to the sensing elements in turn. 


If any control switch is in a posi- 
tion such that its associated brush is 
not on a neutral sector, a path is 
formed for the associated relay. Thus, 
if element SE2 is not within the re- 
quired angle of balance and the 
selected brush does not lie on the neu- 
tral segment, a path for operating re- 
lay B2 is formed via switch SW2a, 
SE2, SW3b and either resistor RS or 
R6, to the power supply. Similarly, 
paths for operating relays A2, C2 and 
D2 are formed if the sensing elements 
SE1, SE3, and SE4 respectively are 
not so positioned that the selected 
brush lies on the neutral segment. 


Relay contacts Al, A2, Bl, B2, Cl, 
C2, Dl and D2 are so arranged that 
the motor-control relays El or Fl are 
connected to sensing element SE4 if 
D2 is operated ; to SE3 if C2, but not 
D2, is operated; and to SEI if A2, 
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Rolls-Royce 


GREAT ACCURACIES IN THE PRODUCTION 
of jet turbine engine components are 
being obtained at Rolls-Royce, Derby, 
with the aid of a new electronically- 
controlled positioning system. Devel- 
oped by E.M.I. Electronics in collab- 
oration with Optical Measuring Tools, 
the system uses a 30-in. rotary table 
and CONTROL understands that the re- 
sults obtained by Rolls-Royce’s Aero 
Engine Division over the past six 
months or more have been so satis- 
factory that Rolls-Royce have placed 
orders with E.M.I. for two further 
rotary-table positioning systems. 


mec Autoset system 


but neither D2, C2 nor B2 are oper- 
ated. In this way, control is automatic- 
ally vested in the coarsest element still 
out of balance and is progressively 
transferred to the finest. 


Tape programming 

Control is centred around a pro- 
grammer unit at the rear of the Air- 
mec control cabinet, which appears 
on the right in Fig. 1. Some 70 ft of 
black vinyl tape, 4in. wide and 0-004 
in. thick, is used to store a pro- 
gramme, every tape having a capacity 
of 600 machining operations. The tape 
is fed from one roller to another 
and stopped in its correct position by 
a light shining through a locating hole 
on to a photo-transistor. The inform- 
ation is read by spring-loaded pins 
which bear on the stationary tape. 

Machining starts as soon as the table 
is in the proper position. While one 
set of information is being acted upon, 
the tape progresses to the next infor- 
mation group, the programmer await- 
ing a signal from the machine that the 
operation is complete, after which the 
positioning and machining cycle con- 
tinues. When the entire programme is 
complete, the tape rewinds automatic- 
ally in readiness for the next work- 
piece. 

Fourteen holes across the tape re- 
present data for one machining opera- 


tion. Each digit in the co-ordinate is 
represented by a column having five 
hole-positions, a number of holes being 
punched to a code in the position re- 
presenting the digit required. Both the 
*X’ and ‘ Y’ co-ordinates require five 
or six holes each, depending on 
whether the finest increments are 0-001 
in. or 00002 in. A further column of 
five holes provides selection of facili- 
ties for ten tools and, if 0-001 in. steps 
only are required, two further col- 
umns will be available for tool facil- 
ity selection. 

On the Standard Vero Auto-Drill 
five columns only are used on each 
axis, the column for the 0-0002 in. digit 
on the ‘ Y” axis being used for spin- 
dle speed selection, and the equiva- 
lent column on the ‘X’ axis being 
left spare. The last—the fourteenth— 
column is employed for locking the 
*X’ and ‘Y”’ ordinates, ‘ automatic 
stop” and ‘tape run-back ’. 

A smaller hole for every informa- 


tion group halts the tape in the 
correct position whilst machining 
proceeds. 


Economic considerations 

The manufacturers claim that a 
Vero Auto-Drill at £3600 offers many 
economic advantages and suggest that, 
apart from the obvious increase in 
productivity which would be obtained 
by employing several machines under 
control of one man, savings of 200%, 
have been obtained from the use of a 
single machine. The Auto-Drill can- 
not, of course, compete with press 
tools or multi-spindle drills for the 
very long runs. However, in the drill- 
ing of printed circuit boards, quanti- 
ties greater than 5000 boards a week 
are said to be required before a press 
tool can be justified. Furthermore, on 
low-volume runs— say 100 compon- 
ents a week—the Auto-Drill is most 
attractive. 


use controlled rotary table 


The controlled rotary table is 
being used for precise positioning 
when drilling holes in components for 
jet engines, although Rolls-Royce also 
intend to apply the technique to mill- 
ing machines for producing radial 
slots in aero-engine components. It is 
particularly suitable for small-batch 
working as jigs and templates are un- 
necessary. 

The setting accuracy is + 3 seconds 
of arc with a repeatability of +1 
second of arc, a degree of accuracy 
unaffected by mechanical wear. This is 
due to the use of an Inductosyn as the 





basic measuring element which indi- 
cates the actual movement of the 
table and not merely the movement of 
a worm drive or lead screw. 

If several table settings are required, 
a programme of the angular settings 
is converted into punched tape, which 
is fed into a reader on the control 
console. For non-continuous opera- 
tion, the operator presses the start 
button and the table moves to the first 
position, where it is automatically 
clamped, and the first machining op- 
eration is performed. The operator 
then presses the button to start 


CONTROL January 1960 






aE 


Loe AIR, Bp 


om 










linate is 
ing five 
les being 
ition re- 
Both the 
uire five 
ling on 
are 0-001 
umn of 
of facili- 
in. steps 
her col- 
901 facil- 


uto-Drill 
on each 
2 in. digit 
for spin- 
 equiva- 
xis being 
rteenth— 
king the 
tutomatic 


informa- 
in the 
nachining 


1 that a 
fers many 
ygest that, 
crease in 
- obtained 
nes under 
of 200%, 
> use of a 
Drill can- 
vith press 
s for the 
| the drill- 
ls, quanti- 
ds a week 
re a press 
rmore, on 
} compon- 
ll is most 


vhich indi- 
nt of the 
ovement of 
w. 

e required, 
lar settings 
ape, which 
the control 
ous opera- 
; the start 
- to the first 
itomatically 
chining op- 
ie operator 
1 to start 


uary 1960 








EO RPM yy 


another cycle of operations, and so on. 

For continuous operation, all move- 
ments are automatically controlled by 
the punched tape. The operator only 
has to fix the work-piece to the table, 
press the start button once and change 
tools later, if necessary. When making 
prototype or one-off work-pieces, a 
control tape is not required, for the 
system incorporates dial controls 
which can be set for any angular set- 
tings of the table, without loss of 
accuracy. 

In all cases, the table rotates the 
shortest way round to the next posi- 
tion, either clockwise or anti-clock- 
wise, thus saving considerable time on 
a job when several holes are required 
to be drilled. The speed of rotation is 
1:5 rev/min. 





Fixing a workpiece to the E.M.l. rotary table positioning system at the Derby 
factory of the Rolls-Royce Aero Engine Division 


" CONTROL IN ACTION 


Power station telephone-controlled 


THE SMALL 3 MW TURBO-ALTERNATOR 
at Princetown, Devon, which the South 
Western Electricity Board put into 
operation last month is believed to be 
first completely unattended electricity 
power station of its type. Designed 
to be complementary to the conven- 
tional large power plants, it is inten- 
ded for operation at peak periods 
only, or for emergency use. The 
Board’s duty is, of course, to provide 
power at the lowest possible price. The 
problem of inexpensive peak genera- 
tion plus dependability of supply ne- 
cessitates a station of low capital cost, 
which is reliable, capable of auto- 
matic starting and unattended run- 
ning, and yet also capable of accept- 
ing full load within minutes. 

The problems of cost, reliability 
and speedy acceptance of full load 
have been overcome by the use of a 
4250h.p. gas turbine by Bristol 
Siddeley, which is a modified version 
of the Proteus turboprop aero engine 
used in the Britannia aircraft. The 
Proteus has just completed a million 
engine hours in airline service, and, at 
Princetown, is expected to require 
little or no maintenance — possibly 
four routine visits a year, with an 
overhaul every ten years. 


Datafonic remote control panel 


SO PT Se 
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The station is controlled remotely 
from the S.W.E.B.’s centre in Bristol, 
100 miles from Princetown. The con- 
trol system, which operates over 
ordinary Post Office lines, has been 
developed by Sound Diffusion (Auto- 
Thermatic) Ltd. and is known as Data- 
fonic mark II control. 

A mark I Datafonic equipment 
was originally developed to provide a 
central control room with supervisory 
facilities over remote unattended sub- 
stations. These have normally been 
available in the past only by the use 
of equipment operating over privately 
rented Post Office lines which, when 
capitalized over a ten-year basis, re- 
presents a considerable investment. 

The object of the mark I was, 
therefore, to operate over the national 
telephone network, and, by giving all 
information concerning breaker posi- 
tions and other items in a_ verbal 
form, to avoid the need for both pri- 
vate lines and decoding equipment in 
the control room. The system was de- 
signed to dial or call a control room 
when equipment in the substation 
changed its state, and conversely, to 
give information when interrogated by 
an incoming telephone call. 

The Post Office have given limited 
approval to the Datafonic system to 
be used on their subscriber lines where 
the user is a public utility body employ- 
ing a continuously manned watch or 
control room. 

The mark II equipment installed 
at Bristol enables the control engineer 
to carry out a total of up to forty 
control functions over the remote 
equipment. Typical functions are the 
‘start’, ‘ stop’ and ‘ throttle” controls 
on the remote turbo-alternator. These 
control facilities are supplemented by 


22 pairs of indication lamps of which 
the turbo-alternator utilizes twenty. 
In addition, telemeter display facilities 
are also available in the Bristol con- 
trol room for such quantities as 
megawatts, amps and volts. From this 
information the power factor of the 
distant alternator can be calculated. 

The control console housing the in- 
dication, control and _ telemetering 
equipment is compact and is capable 
of extension to allow for the control 
of up to 24 additional substations. 

The equipment operates over the 
national telephone network and the 
Control Engineer at Bristol can estab- 
lish contact with the Princetown set 
by making use of the normal trunk 
call facilities. After obtaining the 
necessary information and making 
any required control operation he may 
instruct the remote equipment to dis- 
connect itself from the telephone line. 

In the event of a change in the run- 
ning condition of the substation, the 
Datafonic equipment in the substation 
automatically engages its own ex- 
change line and verbally requests the 
exchange operator to connect it with 
the Bristol control room. When the 
call is put through the Duty Engineer 
in Bristol hears the equipment an- 
nounce its identity by voice, after 
which all control and telemetering 
facilities are available to him. 

The Datafonic remote-control sys- 
tem is not only applicable to electri- 
city generating and distribution net- 
works, but also to other public utili- 
ties. In the gas industry, for example, 
a modified version can provide a 
range of telemetered information and 
control of both volumetric governor 
equipment and booster pumping 
equipment. 
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DATA PROCESSING 
West Germans impressed 


The 22 West German industrialists 
and professional men who made a 
five-day (November 30-December 4) 
tour of the computer industry are 
understood to have been impressed by 
British development, and to expect 
substantial sales to West Germany 
over the next few years. They con- 
sidered British computers to be com- 
petitive in price and quality and felt 
that the advances made were far from 
widely known in Germany. 

The Electronic Engineering Associa- 
tion, who organized the visit in col- 
laboration with the Office Appliance 
and Business Equipment Trades Asso- 
ciation, say the party were also im- 
pressed by: the extent to which Brit- 
ish firms understood the need for 
servicing on the spot; the training 
facilities offered by British firms in 
computer utilization and by the ex- 
perience which they had gathered in 
this field—including the use of com- 
puters for their own problems; and 
the extent to which German was used 
in technical discussions by the execu- 
tives of the firms visited. 

The West German Mission visited 
Ferranti, English Electric, E.M.I. 
Electronics, Standard Telephones & 
Cables, International Computers & 
Tabulators, A.E.I., Elliott Bros., and 
National Cash Register. 


Automatic programming 


A National Centre of Information on 
Automatic Programming of Digital 
Computers has been set up by the 
Department of Mathematics of 
Brighton Technical College. Its aims 
are to maintain a library, publish an 
annual review, provide a_ clearing 
house for information, organize small 
working conferences, and maintain 
contact with similar organizations 
abroad. 

An Advisory Committee includes 
Dr. A. D. Booth (University of 
London), R. A. Brooker (University of 
Manchester), P. V. Ellis (I.C.T.), Dr. 
S. Gill (Ferranti), Dr. J. Howlett 
(U.K.AE.A.), Dr. R. J. Ord-Smith 
(S.T. & C), C. Robinson (English 
Electric), Christopher Strachey and 
A. E. Taylor (Remington Rand, Uni- 
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from the world of control 


vac), J. H. Wensley (Computer De- 
velopments), and M. Woodger (Mathe- 
matics Division, N.P.L.). 

Dr. Grace Hopper (Remington Rand, 
U.S.A.), Dr. L. Luckaszewicz (Mathe- 
matical Machines Laboratory, Polish 
Academy of Sciences) and Prof. H. 
Rutishauer (Institute of Applied 
Mathematics, Ziirich), are correspond- 
ing members. 

Further details are available from 
the Organizing Secretary, Richard 
Goodman, the Computing Laboratory, 
Dept. of Mathematics, Brighton Tech- 
nical College. 


De La Rue Bull's first order 


At last month’s opening of the first 
U.K. showroom and computer centre 
of De La Rue Bull Machines Ltd. 
(the Anglo-French concern formed 
last June) A. G. Norman, chairman 


punches and verifiers, a reproducer, a 
summary gang punch and an interpre- 
ter. The equipment, which will be 
delivered in March 1960, is to be used 
initially on dividend-payment prob- 
lems. 


Pegasus for L. & M. Assurance 


London and Manchester Assurance 
have placed an order for a £100,000 
Pegasus data-processing system with 
Ferranti. To be installed at the assur- 
ance firm’s headquarters in London in 
October, 1960, it will be used in the 
first instance for accounting and 
valuation work. This will involve the 
preparation of premium renewal 
notices, the associated control of pay- 
ments, agency and company account- 
ing and annual valuation of all life 
assurance policies. 

A unified card file has already been 





The new showroom and computer centre of De La Rue Bull Machines Ltd. at 

114-118 Southampton Row, London. This Anglo-French company was formed in 

June last year for the purpose of marketing a complete range of data-processing 
equipment 


of the company, announced that an 
order for a complete data-processing 
installation has been placed by The 
Royal Exchange Assurance Corpora- 
tion. Value of the equipment involved 
is about £40,000 and consists of a 
Gamma 3 electronic calculator, a Bull 
sterling tabulator, a relay memory 
working in conjunction with the tabu- 
lator, an electronic sorter, electric 


set up, using I.C.T. equipment, and 
programmes for the computer are 
being prepared. 


Pensions Leo commissioned 

The Leo automatic office installed at 
the Ministry of Pensions and National 
Insurance’s Newcastle offices has re- 
cently undergone commissioning tests 
and should now be operational. It is 
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intended to pay all 3000 weekly-paid 
officers stationed at Newcastle, and 
the 20,000 monthly paid officers at 
local and regional offices throughout 
England, with the aid of the Leo sys- 
tem. Other work will include the pro- 
duction of health statistics and the 
control of National Health Insurance 
claims. 


97°8°/, efficiency 

The commissioning tests were car- 
ried out under the control of Leo- 
trained Ministry personnel over a 
working week of 39h 29 min. Good 
running time amounted to 37h 44 
min; the time lost due to technical 
causes (including re-runs) was 51 min, 
and 54min were lost because of 
operating inefficiencies. On this basis 
Leo achieved 97°8%, efficiency, satis- 
factorily exceeding the required cri- 
terion of efficiency. 


1.C.T. in France 


1.C.T. have received orders from three 
commercial concerns in France for 
their medium-sized general-purpose 
computer, the I.C.T. Type 1202. The 
capital value of the machines and an- 
cillary equipment to be delivered is 
of the order of £60,000 in each case. 

One order is from Etablissements 
Thibaud Gibbs Fragim et Cie, of 
Paris, manufacturers of toilet prepar- 
ations. They propose to use their com- 
puter for invoicing, sales accounting, 
stock control, vehicle loading and 
payroll, etc. 

Another is from Crédit Agricole, 
Avignon, an organization specializing 
in agricultural finance, who will be 
using their machine for a variety of 
banking tasks, including interest cal- 
culation. 

La Cité Vie, Strasbourg, the third 
concern, is an insurance firm, inter- 
ested in insurance accounting, statistics, 
premium advice notes, etc. 


Airline seat reservations 


I.B.M. have developed for American 
Airlines a centralized, electronic re- 
servations system, the I.B.M. 9090, 
which is completely automatic and 
claimed to be the largest data-pro- 
cessing system in the world. It will 
handle every procedure to do with 
the sale, confirmation and control of 
an airline reservation, from the time 
a customer calls for information 
about a flight to his arrival at his 
destination. 

The new system, based on two of 
I.B.M.’s_ large-scale, _transistorized 
computers, will centralize in the New 
York headquarters of American Air- 
lines the demands of over 1100 book- 
ing offices throughout the country. 
Communication over some 10,000 
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miles of telephone line, will allow any 
agent to confirm, alter, or cancel all 
or part of a passenger’s booking, no 
matter where the original reservation 
was made. Seat inventories, main- 
tained in the computer will allow 
agents to determine the availability of 
seats on any of the airline’s flights. In 
addition, the I.B.M. 9090 will auto- 
matically send teleprinter messages to 
other airlines requesting space on 
their flights, quote fares, supply in- 
formation about the current day’s 
flights, and notify agents when special 
action is required. 

The computers in the new system, 
each of which is capable of 210,000 
logical decisions a second, are expec- 
ted in the first stages to handle 85,000 
telephone calls, 40,000 reservations, 
30,000 exchange messages with other 
airlines, 30,000 fare quotations and 
20,000 tickets daily, in addition to 
7,500 reservations an hour in peak 
periods. 


Card readers and punches 


‘Recommendations for card readers 
and punches’ has been published by 
the Electronic Engineering Associa- 
tion, 11 Green Street, Mayfair, Lon- 
don, W.1. This document comprises 
general data on the basic requirements 
of computer manufacturers for card 
readers and punches. Its objects are: 
to promote the adoption of such de- 
signs and production practices as have 
proved, to date, to be desirable; and 
to contribute to any national stan- 
dards on the subject. The document is 
technical and does not discuss con- 
tractual matters. It is not, of course, 
binding on members of the E.E.A. 


Solartron e.r.a. ordered 


Solartron have received an order for 
an e.r.a. (electronic reading automa- 
ton) from Domestic Electric Rentals 
who require it for rental and credit- 
sales accounting. The e.r.a. will 
read directly information recorded 
by National Cash Register machines 
at each branch of the radio-tele- 
vision organization. This information, 
which will include the customer’s 
account number and rental payment 
amount, will then be automatically 
punched on to 80-column L.C.T. cards 
for subsequent use in a _ standard 
punched-card installation. 


Simlac analogue computers 


The name Simlac has been adopted by 
Short Brothers & Harland as the trade 
mark of a new range of general- 
purpose analogue computers they are 
developing. The Simlac range incor- 
porates all the automatic aids neces- 
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sary to ease the handling of compli- 
cated problems, including those of 
nuclear kinetics. It employs new wiring 
techniques and a patching system 
which avoids cord-clutter. There are 
also an improved push-button selector 
system and associated problem check. 
Setting-up is claimed to be fool-proof 
and the component absolute accur- 
acy is better than 0-01%. 

The standard Simlac is a 112-am- 
plifier linear computer, but the ‘basic 
design is such that individual require- 
ments can be met by plugging the 
specified components into standard 
Post Office racks. Provision is made 
for the incorporation of special non- 
linear function units if required. 


—-PETROLEUM-— 
Equipment for Dinslaken 


During a recent visit to Evershed and 
Vignoles’ Chiswick works, CONTROL 
saw instrumentation and control equip- 
ment for the Dinslaken oil refinery 
of the B.P. Benzin und Petroleum 
Aktiengesellschaft in Germany. The 
refinery, which is being constructed by 
Kellogg International, is designed for 
a throughput of 100,000 barrels a day. 

The Evershed control desk (illus- 
trated) contains process controllers, in- 
dicating and recording facilities, super- 
visory instruments and manual con- 
trol provisions for two crude distilla- 
tion plants, a hydrofiner, a catalytic 
reformer, and a re-distillation unit. 

Of the 120 separate control loops 
provided, some are inter-related by re- 
setting and cascading arrangements. 
Temperature measurements from 340 
different points throughout the refin- 
ery are effected by thermocouples and 
used for indication or control pur- 
poses. There are also two analysis re- 
corders for percentage hydrogen and 
percentage oxygen. 

In-line scanning is used extensively 
to reduce the number of technicians 
required for routine operation. During 
satisfactory operation an unbroken 
shadow line is presented to the oper- 
ator, and any break in this line im- 
mediately pin-points the part of the 
refinery where a deviation from de- 
sired conditions has occurred; it also 
gives an indication of the magnitude 
and direction of this deviation. 

Panel space is saved and a simple 
layout achieved by the use of two re- 
corders only for each section of the 
panel—apart, that is, from recorders 
for standard temperature measure- 
ments. Each recorder handles plant 
parameters from sixteen different 
points throughout the refinery by the 
use of a plug-in selection system. 
Plug-in recording is possible because 
the Evershed electronic repeatef mea- 
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surement system, which is employed, 
automatically compensates for any 
additional instruments which may be 
temporarily inserted into the measure- 
ment circuit. 

In general, the temperature-measur- 
ing circuits consist of thermocouples 
feeding into potentiometric recorders 
via telephone-type switchboards. In 
some loops, however, d.c. amplifiers 
convert the thermocouple output volt- 
ages into signals suitable as measured- 
value inputs for process controllers. 


Process control 

Evershed Mark 4 controllers are 
used, and generate proportional, inte- 
gral and derivative terms. Their out- 
puts operate electro-pneumatic valve 
positioners, or converters which estab- 
lish air pressures proportional to the 
electrical control signals. 

Most of the plant-mounted trans- 
mitters are of the Evershed electronic 
repeater type. Flows, levels, pressures 
etc. are made to impose a turning 
moment on a pivoted beam. One end 
of the latter carries a coil in a mag- 
netic field, and on the other end a 
contact is arranged to travel between 
two fixed contacts. As the beam is de- 





magnetic field is arranged to receive 
the controller’s output signal. The posi- 
tion of the coil depends on the mag- 
nitude of the signal and is transmitted 
through a lever to a flapper which 
operates in conjunction with the 
nozzle of a non-bleed air relay. In this 
manner the electrical signal provides 
a pneumatic signal for the control of 
valves. A feedback arrangement oper- 
ates when the positioner or converter 
attains the required position, the force 
generated by the coil and magnet be- 
ing balanced by a force derived from 
the pneumatic circuit. 


rhea... 
Autcontrolled boilers at R.-R. 


The use of Kelvin-Hughes automatic 
boiler controls on six boilers at Rolls- 
Royce, East Kilbride, has led to a 
5-3% increase in efficiency; this in 
spite of the fact that the efficiency 
under manual operation was already 
higher than the average. 


High efficiencies maintained 
Accurate and detailed reports of 
loading and fuel consumption had 





Control panel for the Dinslaken (West Germany) oil refinery. This panel, which 
was exhibited by Evershed & Vignoles recently, accommodates 120 separate 
control loops 


flected a signal is transmitted via the 
contacts to electronic equipment and 
fed back in such a manner as to 
oppose the turning moment generated 
by the particular parameter. The cur- 
rent through the coil is thus propor- 
tional to the value of the measured 
parameter, and indicators and re- 
corders can be directly calibrated. 

Each process controller is fed with 
the measured value signal and any 
difference between this and the desired 
value is applied to a proportional am- 
plifier. The output of the latter forms 
the proportional term of the con- 
troller’s output signal. The deviation 
also provides the input to integral and 
derivative networks and amplifiers, the 
outputs of which are added to the pro- 
portional signal so that a three-term 
control signal is generated. 

In the electro-pneumatic valve posi- 
tioners and converters a coil in a 
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been maintained over a long period, 
so comparisons between automatic and 
manual control could be made under 
all load conditions. Generally speak- 
ing an increase of 5:3% efficiency was 
achieved over a_ three-winter-month 
test period, the system maintaining an 
average of 76:°9% over the 71:6% ob- 
tained by manual firing. A significant 
factor arising out of a study of the 
available figures was that, in a com- 
prehensively instrumented and well en- 
gineered system, efficiencies bordering 
on the ‘ automatic’ figures can be ob- 
tained by manual operation. The main 
advantage of the automatic system is 
understood to be its ability to main- 
tain high-efficiency working over sus- 
tained periods. 

The boilers comprise six Wilson 
Super Economic types in two groups 
of three, with two Weir direct-acting 
feed pumps sited between the groups. 















Coal is delivered through a grid to 
the boot of a bucket elevator and 
thence to the chutes of the hoppers. 
Hodgkinson low ram stokers driven 
by constant speed a.c. motors are em- 
ployed. Ash is raked directly on to a 
submerged conveyor belt which runs 
below the whole length of the raised 
firing platform to an external disposal 
hopper. 

A master steam-pressure controller 
situated in the Superintendent’s office 
is connected to the main steam header 
and provides an advance warning of 
fluctuating loads. Signals that are pro- 
portional to the fluctuating steam pres- 
sures are relayed by the master con- 
troller to the individual combustion 
controllers regulating the coal feed and 
airflow to each boiler. 

Coal feed is regulated by the cyclic 
operation of the  constant-speed 
motors driving the mechanical stokers, 
the running time being proportional 
to the load as indicated by the master 
controller. Air flow control is effected 
by a motorized damper, operated 
through a push rod, and reduction 
gear. 

Pressure difference across the boiler 
passes is measured and fed to a dia- 
phragm unit. The output of the dia- 
phragm is opposed by a control spring 
which is tensioned by a square-law 
cam moving in response to the load 
signals. The resultant force positions 
a switch which controls the damper 
motor. Thus the air flow is subject to 
closed-loop control and is independent 
of the characteristic of the damper 
motor. 

Provision is made on the combustion 
controllers to enable the fireman to 
change over to manual control or to 
adjust the heat regulation at will. The 
controllers are also balanced to per- 
mit load sharing and once set should 
require no further adjustment. 

Kelvin-Hughes assess the fuel sav- 
ings which accrued at Rolls-Royce 
over the three-month period at £1603 
—in other words more than the cost 
of the installation. 


——L ABOU R——— 


Scientific man-power 


The annual report of the Advisory 
Council on Scientific Policy was pub- 
lished on December 8th, 1959 (Cmnd. 
839, price 1s. Od.). (The Council is a 
standing committee advising the Min- 
ister for Science.) The results of a 
survey of scientific and engineering 
man-power were published simultan- 
eously in a separate White Paper 
(Cmnd. 902, price 3s. Od.). 

In its report the Council expresses 
satisfaction with the increased propor- 
tion of scientists in civil industry and 
the decreased share in defence work. 
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The growth in the annual supply and 
employment of newly qualified men 
has exceeded the expectations of 1956, 
when the results of a 1955 survey 
were published. But the Council sees 
no indications that more qualified 
scientists are being produced than are 
necessary. 

The Council believes that carefully 
designed experiments using earth 
satellites can help to solve a number 
of important scientific problems, and 
may often be the most economic way 
of doing so; but it considers that the 
cost of lunar, planetary or solar 
probes would be too great for this 
country alone, and advocates inter- 
national co-operation on such work. 

The report on scientific man-power 
brings up to date the information in 
the 1956 report on the same subject. 
The earlier publication was based on 
an enquiry by the Ministry of Labour 
and National Service concerning both 
the number of qualified scientists 
and engineers in Great Britain and 
employers’ forecasts of requirements 
by 1959. The present paper con- 
tains the results of a renewed en- 
quiry, the employers’ forecasts of re- 
quirements extending this time to 
1962. The report indicates that the 
employment of qualified men_ in- 
creased at a rate of about 6% a year 
during 1956-58. Employers have said 
that they would like to achieve an 
increase of 7% during the next three 
years (1959-61). No less than 41,000 
scientists and engineers qualified in 
1956-58, compared with a forecast of 
36,000 by the Council’s Committee. on 
Scientific Man-power. But at the 
beginning of 1959 employers reported 
over 6000 vacancies in manufacturing 
industry alone. The Committee esti- 
mates that over 51,000 men will have 
qualified in the three years 1959-61, 
but that the numbers available for 
employment in Great Britain will still 
fall short of employers’ forecast re- 
quirements. A shortage of mathemati- 
cians, physicists and chemists is ex- 
pected to continue. 


MACHINE TOOLS. 
A.E.|. systems 


The accompanying photograph shows 
a row of electronic control cubicles for 
the machine tool industry, in the final 
stages of manufacture at the New 
Parks Factory, Leicester, of the 
A.E.I. Electronic Apparatus Division. 
Cubicles of the type illustrated are 
used to provide accurate control for 
the feed motors and spindle speed of 
ram-type boring machines. The cubicle 
in the foreground is for controlling 
two 20h.p. 1500-850 rev/min motors 
for driving the feed motion of a 
machine tool and one 100 h.p. spindle 
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drive motor which has a speed range 
of 1500-500 rev/min. 

A.E.I. has developed a system of 
co-ordinate setting for vertical jig 
borers and horizontal boring machines, 
etc. It is claimed that, depending on 
the quality of the machine tool, this 
equipment will position the work in 
two dimensions to an accuracy of 


NEWS ROUND-UP 


the subsidiaries and A. V. Edwards 
has been appointed managing director 
of each company. 

The other members of the Board of 
Ultra Electronics are L. R. Crawford 
(general manager), Dr. F. W. Store- 
man (chief engineer), J. S. Williams 
(works manager), and E. R. Wright 
(commercial manager). 





Electronic control cubicles for machine tools near completion at the New Parks, 
Leicester, factory of A.E.I.’s Electronic Apparatus Division 


0-0002 in., the information for each 
position being fed in automatically 
from punched card or punched tape. 
This can also be adapted to * staircase’ 
milling where a series of punched 
cards is automatically fed in, in a given 
sequence, to move the milling cutter 
through a required path. 


oe BSE. 
Solartron sold 


Firth Cleveland are to acquire a 
53-125% interest in Solartron at a cost 
of £900,000 and have agreed to make 
an offer on or before July 31, 1961 
for any remaining shares at not less 
than £3 a share. Firth Cleveland’s 
Chairman, Charles W. Hayward, will 
become Chairman of the Solartron 
Board, while John E. Bolton will be 
Deputy Chairman and Managing 
Director. 


Ultra re-organize 

Two subsidiary companies are being 
formed by Ultra Electric (Holdings) 
Ltd. Ultra Radio & Television Ltd. 
will handle domestic radio and tele- 
vision and have as its subsidiary Pilot 
Radio & Television Ltd., which Ultra 
acquired last year, and Ultra Elec- 
tronics Ltd. will handle the activities 
formerly carried out by the Special 
Products Division. The existing Ultra 
chairman, Edward E. Rosen, remains 
chairman of the holding company and 


Gas detectors 

A new company, Willis Instruments 
Ltd., has been formed at Field Road, 
Busby, Lanarkshire, to manufacture 
gas detecting instruments and alarms 
to certified and approved designs. They 
will also provide 24-hour servicing and 
maintenance facilities for all types of 
electrical and electronic scientific in- 
struments. CONTROL understands that 
Willis Instruments are negotiating the 
establishment of a service centre at 
Busby with several British instrument 
manufacturers. The company’s manag- 
ing director is A. N. Willis, and other 
directors are G. Brown, a director of 
George Brown (Marine), and H. Kerr. 


—_——«- MISSILES ~~. 
S.LT. rocket Symposium 


The Society of Instrument Techno- 
logy and the British Interplanetary 
Society are to hold a one-day Sym- 
posium in London on September 1, 
1960, during which approximately 
eight papers will be presented on 
‘Rocket and Satellite Instrumenta- 
tion’. The papers proposed are as 
follows: ‘Outline of the investiga- 
tions planned for the British space 
programme’; ‘A design study on a 
communication satellite’; ‘A digital 
data reduction system for use in the 
static testing of rocket motors’; 
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‘Transducers for rocket motor test- 


ing’; ‘The measurement, transmis- 
sion and recording of data in the Sky- 
lark’; ‘ Ultra-violet measurements 


from satellites’; and subjects to be 
decided later. 

The object of the Symposium is 
to indicate the fields of scientific know- 
ledge which have been opened up by 
experiments in the upper regions of 
the atmosphere and in outer space 
and to describe the kind of instrumen- 
tation which has either been used 
already or will be required for future 
research. 


ae 


Group B's executive 


At the Annual General Meeting of 
Group B, the British Group for Com- 
putation and Automatic Control of 
the British Conference on Automation 
and Computation, the executive com- 
mittee for 1960 was reconstituted. The 
chairman is J. F. Coales, with R. 
Hindle and H. W. G. Gearing as vice- 
chairmen and S. M. Rix as hon. trea- 
surer. The hon. secretary is W. Bam- 
ford, and the other members of the 
committee are Dr. A. D. Booth, N. 
Clarke, E. C. Clear Hill, W. C. F. 
Hessenberg, N. C. Pollock and Pro- 
fessor E. J. Richards. 

One substantial activity which the 
Group has undertaken, in collabora- 
tion with Group A, is the sponsoring 


LOOKING 
AHEAD 


Unless otherwise indicated, all events take place in 
ons B.C.S. British Computer Society, Brit. 
1.R.E. British Institution of Radio Engineers, 1.E.E. 
Institution of Electrical Engineers, R.AeS. Royal 
Aeronautical Society, S.1.T. Society of Instrument 
Technology. 


MONDAY 11—WEDNESDAY 13 JANUARY 

6th National eo on Reliability and 
Quality Control in Electronics. Washington. 
Details: R. Brewer, General Electric Co. 
Ltd., Wembley, Middx 

MONDAY 11—SATURDAY 16 JANUARY 
C.O.S.P.A.R. First _ International 
Science Symposium, Nice 
WEDNESDAY 13 JANUARY 

Discussion on The Reliability, Maintenance 
and Serviceability of Computers. Brit.1.R.E. 
THURSDAY, 14 JANUARY 

Future of Automatic Control on Fixed Wing 
——., by G. A. Whitfield. R.Ae.S., at 


Space 


I.Mech. 
MONDAY inci 22 JANUARY 
44th Physical Society Exhibition, Royal 


Horticultural Society’s Halls, Westminster 
TUESDAY 19 JANUARY 

Discussion on Superseding the Ratio Arms 
EF Bridges (Opened by C. G. Mayo). 


WEDNESDAY 20—THURSDAY 21 JANUARY 
Managerial and Engineering Aspect of Re- 
liability and —. of Digital Com- 
puter Systems. 1.E.E 

TUESDAY 26 1ANUARY 

eo on Flame Failure Detection. 


WEDNESDAY 10—FRIDAY 12 FEBRUARY 

Solid State Circuits Conference, Philadel- 
phia. Details: The Chairman, 1960 Solid 
State Circuits Conference, General Electric 


112 


of the British contribution to the First 
Congress of the International Federa- 
tion of Automatic Control (I.F.A.C.) 
which is being held in Moscow from 
June 27 to July 6, 1960. As the num- 
ber of papers submitted by British 
authors exceeded the time and space 
allocated by the organizers of this Con- 
gress, arrangements are being made for 
a British Convention on this subject 
to be held in London in September 
1960, at which the surplus of suitable 
papers will be presented. 

Further details concerning the 
I.F.A.C. Moscow Congress may be ob- 
tained from the Hon. Secretary, Group 
B, B.C.A.C., c/o The Institution of 
Electrical Engineers ; the arrangements 
for the British Convention referred to 
above are in the hands of the Hon. 
Secretary, Group A, B.C.A.C., c/o 
The Institution of Mechanical Engin- 
eers. 


IN BRIEF 


Electrical Connector Division of Elec- 
tro Methods Ltd., under Divisional 
Manager D. P. Wright, is now at 
Hitchin St., Biggleswade, Beds. (Tele- 
phone: Biggleswade 2086.) 


Morganite potentiometers and resistors 
are no longer handled by Siemens 
Edison Swan—now A.E.I. (Woolwich), 
and will in future be sold to whole- 
salers and retailers by The Radio Re- 
sistor Co. Ltd., 50 Abbey Gardens, 
London, N.W.8. 


Co., Electronics Laboratory. Electronics 
Park, Syracuse, New York S.A 

THURSDAY 11 FEBRUARY 

Measurement, Automatic Control and Data 
Reduction as Aegned to a Cyclic Plant by 
T. A. Lucas. S.I 

WEDNESDAY 17 FEBRUARY 

Faraday Lecture—Electrical Machines by 
Prof. M. G. Say. Central Hall, London 
THURSDAY, 18 FEBRUARY 

Missile Control Problems by D. Best. 
R.Ae.S., at I.Mech.E. 

FRIDAY 19—TUESDAY 23 FEBRUARY 

Third Salon International de la Piéce 
Détachée Electronique (Electronic Com- 
ponent Show), Parc des Expositions, Porte 
de Versailles, Paris. 

MONDAY 22—FRIDAY 26 FEBRUARY 

First Engineering Materials and Design Ex- 
hibition and Conference. Earls Court. 
WEDNESDAY 16 MARCH 

The Simulation of a Large Chemical Plant 
on an Electronic Analogue Computer 

A. H. Doveton and K. C. W. Pedder. S.I. 
SATURDAY 12—MONDAY 21 MARCH 

42nd International Trade Fair. Lyons 
MONDAY 21—TUESDAY 22 MARCH 

Discussion on The Computer in Production. 
I.Mech.E. 

TUESDAY 29 MARCH 

Application of Transistors in Instrumenta- 
tion by G. G. Bloodworth. S.I.T. 


Looking Further Ahead 


TUESDAY 5—SATURDAY 9 APRIL 

Ninth Electrical Engineers Exhibition. Earls 
Court 

THURSDAY 7 APRIL 

The Electronic Computer as a Unit aa an 
Automatic Electronic Data see Sys- 
tem for Missile Trials b J. White 
and D. L. Overheu. S.I.T. 





Airmec electronic instruments and in- 
dustrial control equipment will be ex- 
hibited in the Napier Hall, Hide Place, 
Vincent Square, London, S.W.1, from 
18-22 January. Tickets free from Air- 
mec Ltd., High Wycombe, Bucks. 


Power-operated manipulator valued at 
£12,000 has been ordered from G.E.C. 
for use at the C.E.G.B.’s Berkeley, 
Glos., nuclear research laboratories in 
handling irradiated fuel elements etc. 
Information engineering: a _ twelve- 
month M.Sc. course starting on Octo- 
ber 1, 1960, is open to suitably quali- 
fied students. Subjects available cover 
communications, radar, computers, 
and control systems. Engineers 
seconded from industry for five-week 
periods may be admitted to courses 
of lectures on individual topics. De- 
tails: D. A. Bell, Supervisor of Gradu- 
ate Courses, The Electrical Engineer- 
ing Dept., The University of Birming- 
ham, Edgbaston, Birmingham, 15. 
E.M.L. broadcast equipment will be 
handled in Canada by Canadian 
General Electric following a new 
agreement between the two concerns. 


Semiconductor Division of G.E.C. and 
Plessey Group member Semiconduc- 
tors Ltd. have arranged for their 
technical sales forces to handle in- 
formation on each others products. 


Precision wirewound resistors of Alma 
Components Ltd. are now handled in 
Sweden by AB Solartron of Hedins- 
gatan 9, Stockholm NO. 


MONDAY 25—SATURDAY 30 APRIL 
Production Exhibition, National Hall, 
Olympia 


TUESDAY 26 APRIL 

sie Section Annual General Meeting 
6.15 p.m. Some Recent Advances in Indus- 
orlal lectrical Control Techniques. S.1.T. 
TUESDAY 3—FRIDAY 13 MAY 

Mechanical Handling Exhibition and Con- 
vention. Earls Court 

WEDNESDAY 11 MAY 

Sixth Conference of Standards Engineers, 
Connaught Rooms, London 


MONDAY 23—SATURDAY 28 MAY 
Instruments, Electronics and Automation 
Exhibition, ‘Olympia 

FRIDAY 10—SUNDAY 26 JUNE 

British Exhibition, Coliseum Building, New 
York 

FRIDAY 24 JUNE—FRIDAY 8 JULY 

annameaes Machine Tool Exhibition. Lon- 
ion 

MONDAY 27 JUNE—WEDNESDAY 6 JULY 
Moscow ge ay for Amonatic Control. 
oe Hon Sec. Group B, B.C.A.C., c/o 


THURSDAY 21—WEDNESDAY 27 JULY 

Third International Conference on Medical 
Electronics. Olympia 

MONDAY 29 AUGUST—FRIDAY 2 SEPTEMBER 
Conference on Semiconductors. Prague 
MONDAY 5—SUNDAY 11 SEPTEMBER 


S.B.A.C. FI Display and Exhibition. 
Saawan * an 


WEDNESDAY 21 SEPTEMBER—SATURDAY 1 


OCTOBER 

International Factory Equipment Exhibition. 
Belle Vue, Manchester 

WEDNESDAY 19—WEDNESDAY 26 OCTOBER 
Interkama International Congress and Ex- 
hibition for eee and Automa- 
tion. Diisseldorf 
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PEOPLE 
IN CONTROL 


by Staffman 


The formation of an Anglo-French 
company, the British component of 
which — De La Rue—has a French 
name and the Gallic component— 
Machines Bull—a very English name, 
provided a certain amount of amuse- 

j ment at the recent opening of De La 
Rue Bull Machines’ Southampton 
Row computer centre (see News 
Round-up). My heading illustration 
shows (right) H.E. The French Am- 
bassador, Monsieur G. Chauvel, ex- 
amining a data processor under the 
j guidance of De La Rue Bull Ma- 
chines’ General Manager, Dr. H. J. 
Phelps. On the far right is A. G. 
Norman, De La Rue’s M.D. and 
Chairman of the new computer firm. 





‘ TRIGGS 


electronics 


BURNETT 
instruments 


The Electronics Group of National 

Cash Register is to be known as 

N.C.R. Electronics in future. It will be 

headed by D. H. Triggs as Manager 

responsible for sales, with R. G. 

' Wadsworth as his Assistant Manager. 

H. L, S. Orde is Joint Manager re- 

sponsible for commercial and techni- 

cal matters, with A. H. Beaven as 

Assistant Manager. T. S. Chandler 

becomes Administration Manager. 

They will be directly responsible to 

‘ W. B. Woods, Director of Sales at 
National Cash. 

N.C.R. Electronics will continue to 

be responsible for the National-Elliott 

405 data processor and for operating 

the Data Processing Centre in Mary- 
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lebone Road, London. However, I 
understand that it ‘is expanding its 
resources to handle new developments 
which have now reached an advanced 
stage ’. 


There have been a few changes in 
the Metal Industries Group. I was sorry 
to hear that J. H. Rawlings had been 
obliged, because of an indisposition 
which is likely to continue for some 
time, to relinquish the position of 
Managing Director of Avo. He is, 
however, remaining on the Board as 
Deputy Chairman and also on Brook- 
hirst Igranic’s Board. S. R. Wilkins 
succeeds him as Avo’s M.D. and also 
joins the Board of Taylor Electrical 
Instruments. E. Strauss has been ap- 
pointed Director and General Man- 
ager of Taylors and also joins the 
Avo Board. 


R. E. Burnett, General Manager of 
Marconi Instruments, has been elected 
to the Board and appointed Managing 
Director. Prior to becoming Marconi 
Instruments’ G.M. in 1956, he was 
Deputy General Manager and, before 
that, assistant to the General Manager 
of Marconi’s Wireless. 


Dr. George Macfarlane, a Deputy 
Chief Scientific Officer at R.R.E., Mal- 
vern, has been appointed Deputy 
Director of the N.P.L. He succeeds 
Dr. Edward Lee who became Director 
of Stations and Industry Divisions at 
D.S.1LR.’s headquarters. Lee was Direc- 
tor of Operational Research at the 
Admiralty before going to the N.P.L. 


I hear from J. M. Chuchla, Man- 
aging Director of Electrical Remote 
Control Co., that they have formed a 
new company, Equipment and Ser- 
vices Ltd., whose Managing Director 
is Paul Gotley. I gather that the new 
company’s forte is the quick delivery 
of electrical timing and control equip- 


PHELPS 


CHAUVEL NORMAN 


entente cordiale 

ment manufactured to specific require- 
ments. Apparently much of this equip- 
ment is not manufactured for stock 
and it is quite usual for users to be 
faced with costly delays. Equipment 
and Services hold staff, production 
space, stocks of components and pre- 
assembled parts to meet sudden de- 
mands. The address is Bush House, 
Bush Fair, Harlow, Essex, and the 
telephone number Harlow 24287. 


V. Thomas, Managing Director of 
Thomas Industrial Automation of Al- 
trincham, writes me that P. Snowden 
has been appointed to the Company’s 
Board. Snowden, who was trained in 
radio and telecommunications, has for 
some time been engaged on the de- 
velopment and production of indus- 
trial electronic equipment. He will 
control the production side of the 
Company. 


Technical liaison with Government 
Departments and Research Establish- 
ments will be the chief responsibility 
of R. C, Parry, who joins Mullard as 
Government Liaison Officer covering 
valves, tubes, semiconductors and 
components. Parry, who was with 
Marconi’s Wireless, will be adminis- 
tratively responsible to H. Malleson, 
head of Mullard’s Government and 
Industrial Valve Division. 


I am intrigued by the news that 
V. G. P. Weake is taking up the ap- 
pointment as Chairmar o* the newly- 
formed Derritron Grour of electronic 
companies—‘ details ot which will be 
given at a later date’. He has relin- 
quished his directorships of Pam- 
phonic, W. Bryan Savage and Pye 
Marine in order to do this. Weake is 
a Director of Eastern Nigeria Broad- 
casting, Chairman of Audio Fairs, 
and Chairman of the Society of En- 
vironmental Engineers. 
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ANALOGUE COMPUTER 


transistorized, versatile 
The latest of the analogue computers 
from Electronic Associates is the TR-10. 
This desk-size unit is 16 in. wide, 24 in. 
high and 15in. deep, and weighs 93 Ib 
(fully expanded). The power consumed 
is less than 50 W. 

The computing accuracy is claimed to 
be 0-1% and the standard basic TR-10 
comprises 5 dual-coefficient setting poten- 
tiometers, 5 dual operational amplifiers, 
2 dual integrator networks, reference 





Compact computer 


and power supplies. For more complex 
problems a wide range of linear and 


non-linear plug-in components are 
available. 
An X-Y recorder and a 2-channel 


strip-chart recorder can be supplied as 
external read-out equipment for use with 
the TR-10. 


Further information is available from 
Electronic Associates Ltd. 


Tick No 501 on reply card 


SPEED CONTROLLER 


for electric motors 
The range of Magnedyne electronic 
speed controls for electric motors is now 
being marketed by Metrix Instruments 
Ltd. Designed for use with motors from 
0°01 to 10 h.p., the controls offer a wide 
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range of speed control with a fine degree 
of adjustment, a high efficiency, and 
constant speed at any one setting for wide 
and rapid changes of load conditions. 

The control equipment is supplied 
from normal a.c. mains and the d.c. 
motors are fed from a rectified supply 
to both the field and armature windings. 
The control of speed is effected by vary- 
ing the reference voltage applied to the 
armature, which may be controlled 
manually or automatically. The control 
embodies a simple electronic amplifier 
together with an amplifier of the mag- 
netic saturation type. If the armature 
voltage drifts from the value selected at 
any position of the speed control, the 
electronic amplifier reacts automatically 
and instantaneously, and via the mag- 
netic amplifier regulates the energy nec- 
essary to maintain the speed of the 
motor. 

The speed-torque curves are almost 
flat, and the characteristics therefore re- 
semble those of an induction motor 
combined with the advantages of a d.c. 
motor. 

It is also possible to control the speed 
of the motor to within 0-1-1-0% by 
means of a tachometer circuit control- 
led by the motor and feeding back the 
error signal. 


Tick No 502 on reply card 


HUMIDITY INDICATOR 


with a unique thermistor 
The Hygrophil relative humidity indica- 
tor uses a thermistor as a detecting ele- 
ment. The thermistor used was developed 
by Ultrakust-Geritebau and overcomes 
many of the conventional troubles of this 
type of semiconductor. Owing to the 
small size and heat capacity of the de- 
tecting element the instrument requires 


Quick on the draw 





only a small sample amount of air, and 
this has a quick response time (about 
25s on the wet bulb). 

The temperature range is — 10 to 80°C 
or 10 to 177°F, and for relative air mois- 
ture content the maximum accuracy is 
050%. 

The instrument comprises a pistol and 
an indicating instrument. The butt of 
the pistol houses a dry battery which 
drives a small fan, drawing air in through 
the pistol barrel over the elements. The 
diameter of the barrel is only }in. and 
it can be extended by means of extension 
tubes. A clockwork-fan-operated unit is 
also available for use in inflammable 
atmospheres. 

The instrument can be supplied by 
Headland Engineering Developments 
Ltd. 


Tick No 503 on reply card 


X-Y PLOTTER 


error less than 0:15% 
An X-Y plotter from Houston Instru- 
ment Corporation is designed to operate 
from differential transformers. It may be 





High detection-sensitivity 


used to plot small mechanical movements 
or any related variables which can be 
converted to mechanical movements. 
Multiplication factor is accurately ad- 
justable to 1000:1, movements of 20 zin. 
are readily detectable. 

Standard 24 X 36in. D size paper or 
24in. roll stock graph paper may be 
used. A dual vacuum hold down system 
also permits the use of half size sheets. 
Conveniently located on top bezel are 
illuminated push buttons for operation 
of the power, stand-by, vacuum hold- 
down load-operate and electric pen-lifter 
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Meterflow Ltd announce an entirely new range 
of flowmeters, developed and made in Great 
Britain. These Meterflow instruments are of the 
impeller type, the impellers—the most critical 
part of the assembly—being of radically new 
design. The range covers pipe diameters from 
$"-8”" and is suitable for all corrosive and non- 
corrosive liquids and liquid oxygen, at tempera- 
tures between —180° and +200°C. There is 
built-in compensation for friction at different 
speeds, and for the cooling effect of liquid oxygen, 
so that Meterflow meters maintain an accuracy 


better than }% over a range of 8:1, and repeat- 
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Patent Applied For 


ability of 0.1%. The equipment is available with 
all associated electronic gear including frequency 
d.c. converter. The prices of this range of pre- 
cision flowmeters are most competitive. Meter- 


flow Ltd would like to send you full details of this 


new development. 


Vietertlow 


Meterflow Ltd Precision Measuring Instruments 


North Feltham Trading Estate, Feltham, Middlesex 
Telephone: Feltham 5876 
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switches. The less frequently used zero 
controls and ten-turn multiplier dials are 
on the front panel. Signal, reference and 
rebalance circuits are 400 c/s originating 
from a built-in tuning fork oscillator. 
The servo systems operate from 50-60 
c/s supply frequency. Pen speed with 
standard servo is 2in/s. Pen speeds of 
up to 20 in/s and electronic sub-assem- 
blies to operate from low-level d.c. inputs 
are available on special order. 

Tick No 504 on reply card 


ANALOGUE COMPUTER 


for training 
An analogue training device (the TY 
963) has been announced by the Solar- 
tron Electronic Group Ltd. 

Basically it is a simplified analogue 
computer intended for educational appli- 
cations. It is capable of representing any 
form of linear second-order differential 
equation using the built-in computing 
components and demonstrating, for ex- 





Self-contained computer 


ample, the effects of velocity and accel- 
eration limits using external diodes as 
additional computing impedances. 
Incorporating five operational d.c. 
amplifiers, the computer is a self-con- 
tained unit, complete with stabilized 
power supplies and patching and con- 
trol facilities. Interchangeability of com- 
ponent assemblies permits elements from 
the analogue tutor to be incorporated 
into more complex analogue computer 
installations. 
Tick No 505 on reply card 


STARTER 


for squirrel-cage motors 
A new type of starter for squirrel-cage 
motors has been developed by Lee 
Guiness from the invention by M. Bey- 
rard of France. The basis of the device 
is a liquid primary-resistor, in which 
the resistive element is an electrolyte 
with a negative temperature-coefficient. 
This is kept in circuit until its resistance 
has fallen to about one-fifth of its ini- 
tial value, and it is then short-circuited 
by a contactor. 
The main advantages are the smooth 
torque/speed relationship, which is com- 
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parable with that of an auto-transformer 
starter, and low cost. 

The Statormatic covers a power range 
from 74 to 100 h.p. in six stages, at prices 
ranging from £68 to £202 according to 
size, voltage input, and whether normal 
or heavy duty. 

Tick No 506 on reply card 


PORTABLE MONITOR 


for background radiation 
A lightweight portable monitor has been 
developed by Plessey Nucleonics Ltd. for 
the measurement of background radia- 
tion. Detection in the monitor (type PNI 
1072), is accomplished by a built-in halo- 
gen-quenched Geiger Miiller tube with 
measurement on a transistor ratemeter 
giving direct reading of dose rate on a 
24in. scale moving-coil meter. The in- 
strument has a range of from zero to 3 
milliroentgens on a two decade quasi- 
logarithmic scale, with a minimum scale 
calibration of 30 microroentgens. The 
unit is powered by a 9V dry battery 
and weighs only 8 Ib. 
Tick No 507 on reply card 


SERVO MULTIPLIER 


with less than 1° phase lag 
A new, low-inertia servo multiplier (type 
TJ 725) has been introduced by the 
Solartron Electronic Group Ltd. 

It will operate with less than 1° phase 
lag at full-scale amplitude up to 10c/s. 
It permits multiplication of up to five 
analogue variables by one other variable, 
or the generation of up to the sixth 
power of one variable. A_ six-section 
potentiometer is standard, one section 
having additional taps for the connexion 
of loading resistors to achieve special 





Small phase-lag 


functions of a variable. The multiplier 
is also available as a servo resolver, in 
which there are five potentiometer sec- 
tions, three linear, and two conforming 
to sine/cosine law. 

Both these new non-linear computing 
units are self-contained and incorporate 
transistorized power supplies. 


The full scale input (servo) is = 100 V 
with an input impedance of 1 megohm. 
The static accuracy is +0-5% of full 
scale with all centre taps earthed, and 
all wipers loaded with 1 megohm and 
+ 0-25% of full scale with zero input 
to servo. The drift is less than 100 mV/ 
week. The transient response is zero to 
full-scale step response less than 30 ms. 
Tick No 508 on reply card 


AMPLIFIER 


for use with velocity pick-ups 
A new velocity pick-up amplifier (type 
A.W.E. 138/1) is suitable for use with 
seismic or non-seismic pick-ups, such as 
the Philips type 9261. The dial indication 
is peak amplitude, seven switched ranges 
giving full scale deflexion of 0-3-300 x 
10-3 in. A relative accuracy of better than 
= 5%, is claimed for all ranges. 

The unit also has an output suitable 





Lightweight 


for a recorder having an inpii impe- 
dance of more than 200kilohms. It 
weighs only 15 1b, is mains operated, and 
is made by Armstrong Whitworth Equip- 
ment. 

Tick No 509 on reply card 


TEMPERATURE CONTROLLER 


first of the Bikini range 
The details of the first of the Fielden 
Bikini range of transistorized instruments 
has been released. This is a temperature 
controller with a differential of 0-5°C, 
high calibration accuracy and long term 
stability. It is housed in a small meter 
type case and occupies a panel space of 
44 in. dia. The 9in. long scale is cali- 
brated directly in degrees Centigrade or 
Fahrenheit, and the bold pointer is set 
to the required control temperature by a 
small knob in the centre of the instru- 
ment. A red lamp visible from the sides 
as well as from the front indicates the 
control action. Control can be at any 
temperature between — 200 and + 500°C 
with a minimum temperature range span 
of 50°C. 
A platinum resistance element is used 
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in connection with high pressure 


ERMETO HIGH PRESSURE COUPLINGS are specified by many 
leading manufacturers, because they are the most reliable 
fittings on the market for every high pressure installation. 
Our catalogue illustrating the full range of standard 
fittings will be sent to you on request. Non-standard 
fittings can also be made to suit your specification. 

Our technical experience is at your service. 


BRITISH ERMETO CORPORATION LTD 


HARGRAVE ROAD + MAIDENHEAD - BERKS - TELEPHONE: MAIDENHEAD 5100 - A member of the ALENCO Group of Companies 
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at the temperature measuring point. 
Ordinary connecting cable is used be- 
tween the measuring point and the in- 
strument and this can be up to 300 ft in 
length without introducing errors. 





On-off Bikini 


The control action is on-off, either 
electrical or pneumatic. The electrical 
contacts give change-over switching at 5 A 
250 V whilst the pneumatic valve re- 
quiries 17 to 20 1b/in? input. The instru- 
ment is transistorized and will operate 
from a 12 V d.c. supply. 

Tick No 510 on reply card 


SLIDES 


controlling material flow 

An improved version of their range of 

electropneumatically-operated slides for 

material flow control has been developed 
by Lindars Automation Ltd. 

The units are of fabricated mild-steel 

construction, and complete with air 


cylinder, solenoid-operated air valve, 
open- and_ closed-position detection 
switch, and an air release valve for 


emergency hand operation and mainten- 
ance. 

Six standard sizes range from 44 in.sq. 
to 18in.sq., and they are available as 
single units or as part of complete con- 
trol installations. Special sizes and dust- 
proof versions are also available. 

Tick No 511 on reply card 


BATCH COUNTER 


high count rate 
A new model, type B.C.P., has been 
added to the range of batch-counters 
made by the Electronic Machine Co. 
Ltd., which can accept up to 10 different 
programmes at any one time. The maxi- 
mum counting rate is 2000 counts/s, and 
the count is displayed on the decade 
plug-in units by illuminated numerals. 
Tick No 512 on reply card 


LOW RIPPLE SUPPLY 


with good regulation 


A transistor power supply (type TF 1303) 
has been introduced by Marconi Instru- 
ment Ltd. The shunt-stabilized output- 
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voltage is monitored by a built-in large- 
scale meter and is continuously variable 
from 2-5 to 24V. The maximum avail- 
able output current is dependent upon 
the voltage being delivered, and varies 
from 12-5A at 2-5 V to 0-2A at 24V. 

Load regulation of the unit is better 
than 0-01 .V and the ripple content is 
less than 0-5 mV. It may be operated at 
ambient temperatures of up to 45°C. 
Tick No 513 on reply card 


SWITCH 

joy stick type 
The joy stick operator (type TX) from 
Square D Ltd., is four push-buttons in 
one unit. The joy stick finds its applica- 
tion where it is essential to assure op- 
eration of only one push-button at a 
time. It allows operation in any one of 
four positions by means of a single lever, 
and is available as either a momentary 
or maintained contact operator with or 
without an off position latch. There is 
also a mechanism in the handle which 
requires pressing before movements of 





Four-in-one 


the operating handle may be made. 
Each operating position of the handle 
has a correspondingly numbered latch 
bar. Individual latch bars can be re- 
moved allowing the handle to be moved 
from the centre or off position to the 
operating position correspondingly num- 
bered without having to depress the re- 
lease pin (the pin in the handle which 
operates the off position latch). Any of 
the operating lever positions can be 
changed from momentary to maintained 
contact by moving the lever pin from 
the Ist to 2nd slot. This conversion can 
be reversed. 
Tick No 514 on reply card 


PHOTOCELL 


for ultra-violet only 
The Ultravision is a photocell which is 
activated only by ultra-violet radiation in 
the wave band 0:2 to 0-26 microns. It is 
completely insensitive to infra-red and 





visible radiation, and will therefore not 
register anything except genuine flames 
or electric sparks. The cell is available 
as a complete flame detector incorporat- 
ing its own heat block and amplifier. 





Narrow-band sensitivity 


The photocell is made by Honeywell 
Controls Ltd. 
Tick No 515 on reply card 


VIBRATION METER 

direct indication 
Research and Control Instruments Ltd. 
have announced the introduction of a 
direct-reading vibration meter (type 
PR. 9252). Its features include a wide 
measuring range and direct-indication in 
vibration amplitude. It has a transistor- 
ized amplifier and is fed from a built-in 
chargeable miniature battery. There is an 
additional input for a _phase-indicator 
and an output jack for oscilloscope or 
recorder. 
Tick No 516 on reply card 


DASHPOT 

with variable rate 
The Kinetrol precision dashpot is now 
available in an adjustable-rate version. 
Any numerical value of damping within 
a 10:1 range may be obtained by setting 
the calibrated knob to the desired rate. 
The unique characteristics claimed for 
this silicone-filled damper are the absence 
of friction, ensuring purely viscous re- 
sistance, and the elimination of leakage 
and backlash. This is because the shaft 





» Adjustable damping rate 


seal is a flexible rubber sleeve bonded 
to both the cover and the shaft, and 
there is no surface at which sliding 
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oo a Ruggedly built and insensitive to external vibrations, Kelvin 
~~ Hughes pen recorders will operate effectively under the most 


exacting conditions in vehicles, aircraft, and where heavy 
industrial plant is operating. 


Please write for technical literature. Kelvin Hughes 


KH specialists are freely available to advise on any particular 
application for single- or multi-channel recorders in 
industry. 


KELVIN HUGHES 


SPECIALISTS IN INDUSTRIAL MEASUREMENT 


, bonded KELVIN & HUGHES (INDUSTRIAL) LTD., KELVIN HOUSE, WEMBLEY PARK, MIDDX 
aed 60-72 Kelvin Avenue, Hillington, Glasgow, S.W.2 si 
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occurs. Rates available are 2—2000 Ib in; 
(rad/s). 

A differential rate model is also avail- 
able which gives a large uni-directional 
resistance. Delivery is quoted as three 
days. 


Tick No 517 on reply card 


SIGNAL GENERATOR 


good long-term stability 


The Boonton signal generator (type 
225-A) is designed for laboratory use in 
connexion with the development and 
testing of receivers and associated cir- 
cuits in the frequency range from 10 to 
500 Mc/s. Short-term (5 min) stability is 
better than 0-001% and long-term (1 h) 
stability is better than 0°01%. The change 
in frequency for a 5V line change is 
less than 0°001%. Through the use of a 
backlash-free precision gear train the 
radio-frequency output-discrimination is 
better than 0°05%. Further information 
is available from Leland Instruments 
Ltd. 


Tick No 518 on reply card 


DATA RECORDER 


for industrial use 


A standard magnetic tape recorder has 
been added to the range of equipment 
made by the Solartron Electronic Group. 

The frequency range (analogue mode) 


Wide range of tape speeds 


is 100c/s-100kc/s with a frequency 
modulation of 0O-10kc/s. The input 
level is 0-5-25V r.m.s. with an input 
impedance of 0-1 MQ. The tape speeds 
are 60, 30, 15, 74, 33 and 1} in/sec, with 
a tape capacity of 5000 ft. The 14 chan- 
nels can be used with 7 reproducing and 
7 recording simultaneously, or with them 
all recording or reproducing together. 
The cumulative flutter for frequencies up 
to Skc/s is 0-15% peak-to-peak to 60 
in/sec. The signal-noise ratio is 40dB 
and the crosstalk is 50dB down. 

The power required is 1200W on a 
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230 V 50c/s supply. The weight of the 
recorder is 750 lb and the price is from 
£4000 to £5000, with a delivery of 
approximately 3 months. 


Tick No 519 on reply card 


FUNCTION GENERATOR 


a non-linear accurate unit 


The function in the diode function gen- 
erator (type TR829) is generated in 12 
segments; and is set-up by adjusting 
break-points for each segment against a 
digital voltmeter monitor. These adjust- 


Extra operational amplifiers not required 


ments are made on high-resolution heli- 
cal potentiometers, over the voltage range 
zero to + 100 V. It incorporates a total 
of 14 high-gain d.c. amplifiers and does 
not require additional operational ampli- 
fiers to provide full output. Drift and 
gain errors for each segment are held 
inside 100mV and 0:2% respectively, 
and since these errors are non-cumula- 
tive over the whole function generated, 
the long-term stability overall is claimed 
to be better than 0-5% average. 

The generator is made by the Solartron 
Electronic Group and costs £450, with a 
delivery time of 2-3 months. 


Tick No 520 on reply card 


FLOWMETER 


of the free impeller type 
A flowmeter of the free impeller type 
has been introduced by Electro-Mechan- 
ical Systems Ltd. The rotor is dynamic- 
ally balanced, and it is claimed that the 
bearing design is such that end thrust 
has been entirely eliminated, allowing a 
high degree of accuracy to be achieved. 
The sensing element is a magnetic de- 
vice separated from the flow of liquid. 
The output is of sinusoidal form giving 
two, four or eight pulses per revolution. 
The calibration characteristic of the 
rotor sensing element is inherently stable 
over a wide range of flows. Linearity 
and accuracy are + 0-:5% from 12 to 
100%, of rated value. 
The construction of the basic flow- 
meter is in austenitic stainless steel. If 
required a range of transistorized potted 


elements is available for coupling to 
this unit. 


Tick No 521 on reply card 


PROFILE MONITOR 
will scan up to 3000 c/s 


The profile monitor, model 201, can dis- 
play up to 90 inputs on the face of a 
17 in. cathode-ray tube. The inputs ap- 
pear across the face of the tube in the 
form of a bar-graph. Though up to 90 
inputs can be tackled, 60 is the recom- 
mended maximum figure and provides 
optimum clarity. The time base is 25 cm 
long and has a frequency of 30c/s. The 
input signals are commutated to the pro- 
file monitor by a high-speed mercury- 
jet commutating switch. 

The full-scale vertical deflexion is 15 | 
cm and the accuracy is claimed to be 
+ 2% over this range. The resolution is 
40 lines/in. and sensitivity from 0-10 mV 
to 0-150 V peak-to-peak full scale. Any 
three consecutive decades in this range 
will be provided to fit customer re- 
quirements. 

The maximum scanning rate is 3000 
c/s, depending on the commutating 


Handles up to 90 inputs 


switch used. An alarm is given on any 
input exceeding a given percentage of © 
full scale output. The alarm dial is cali- 
brated zero to 110% full scale. 

The profile monitor is made by the 
Advanced Technology Laboratories 
(U.S.A.). 

Tick No 522 on reply card 


GALVANOMETER 


will accept 26 inputs 


A reflecting galvanometer, made by 
Ruhstrat of Goettinger, is designed for 
use where a number of different measure- 
ments have to be made simultaneously. 
It has 26 electrically-separate measur- 
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ing systems mounted in a magnet block, 
and a corresponding set of movable 
mirrors to direct light from a single 
source to the mirror of each system. 
There are eight individual measuring 
systems available for use in this instru- 
ment, ranging in natural frequency from 
5 to 700 c/s, with a corresponding sensi- 
tivity range of 10mm/#A to 0-065 mm, 
HA. The Rugalvo 26 is distributed by 
British Sarozal. 
Tick No 523 on reply card 


FLOWMETER 


with accuracy of $% 
A range of free-impeller flow meters is 
to be manufactured by Meterflow Ltd., 
a new subsidiary of S.E. Laboratories. 
It covers pipe diameters from { to 8 in. 
and is claimed to be suitable for all cor- 


seh SM 





Rugged construction 


rosive and non-corrosive liquids. Com- 
pensation is provided for the cooling 
effects of liquid oxygen. An accuracy 
may be obtained better than 4% over a 
range of 8:1, with a repeatability of 
0-1%. They are suitable for liquid tem- 
peratures between —180° and + 200°C. 
Tick No 524 on reply card 


MILLIVOLTMETER 


wide frequency-tolerance 
The Airmec type 264 meter is intended 
for the measurement of voltages from 
300 xV to 100V in the frequency range 
20c/s to 10Mc/s. It consists basically 
of a wide-band amplifier feeding a rec- 
tifying circuit and meter, but input and 
output sockets have been provided so 
that the amplifier may be used alone. 
Under these conditions, a gain of 40 dB 
may be obtained at up to 10 Mc/s, with 
a useful response to 20 Mc/s, and a gain 
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of 60dB is realized at reduced band- 
width. 
Tick No 525 on reply card 


SWITCH 


non-directional actuation 


Square D Ltd. have announced the 
availability of a wobble-stick operator 
(type TW-1), which is actuated by push- 
ing the lever in any direction. Because 
of the method of operation, the wobble 
stick is claimed to be particularly suited 
for use as an emergency stop operator 
on a pendant type station, where it 
would be desirable to reach the operator 
quickly from any direction. 

Tick No 526 on reply card 


QUICK LOOKS 


The TI N2009, one of the new series of 
standard diffused-junction silicon solar- 
cells produced by Texas Instruments Inc., 
provides a typical efficiency of 9% and 
a spectral emissivity of 0-7 at four 
microns wavelength illumination, 0-4 at 
11 microns. The N2009 cells are capable 
of 22-5mW output giving 56-5mA and 
0-4 V per cell when operated under sun- 
light levels as found in near space. 

Tick No 527 on reply card 


A silicon rectifier which will replace the 
866 mercury-vapour valve is available 
from Sarkes Tarzian. Maximum contin- 
uous rating of the S—5130 (in a single- 
phase half-wave circuit) is 300 mA at a 
peak inverse voltage of 10-4 kV. 

Tick No 528 on reply card 


A coupling, intended primarily for 
electromechanical control circuits, is 
claimed to give high torsional rigidity. 
The Metastream ‘ES’ has stainless steel 
membranes, and is made by Metaducts 
in bore sizes from yy to 3 in., in vy in. 
steps. 

Tick No 529 on reply card 


A time-code generator providing timing 
signals during tape-recording of test data 
is available from Computer-Measure- 
ments Co. It has eight separate outputs 
between 100,000 and 0-01 c/s. The model 
1021 generator uses variable pulse- 
widths to code each timing signal. 

Tick No 530 on reply card 


An explosive gas detector is being mar- 
keted by LE.C.-Sieger Ltd. It is claimed 
to be sensitive to all inflammable gases 
and to resist vibration. The standard 
model costs £18 10s. including the detec- 
tor head and 15 ft of cable. 

Tick No 531 on reply card 


Baldwin Industrial Controls have deve- 
loped a new square miniature moving 
coil meter. The range covered for direct 
current can be from 504A to 100A and 





from SO0mvV to 300V. Alternating cur- 
rent ranges are from 50 “A to 20A and 
from 5V to 300V. 

Tick No 532 on reply card 


Texas Instruments Inc, have developed 
two silicon mesa transistors (the 2N715 
and 2N716) which have a minimum 
power output of 5S00mW at 70 Mc/s. 
They will deliver about S5SOmW at 
200 Mc/s. 

Tick No 533 on reply card 


Philips stroboscope (type PR.9104) is 
being marketed by Research and Con- 
trol Instruments Ltd. 

Tick No 534 on reply card 


INDUSTRIAL 


PUBLICATIONS 





Switches and signal lamps—a 60-page 
booklet from Arcolectric (Switches) Ltd. 
with prices and part numbers (List No. 
132) 

Tick No 535 on reply card 


Switches and signal indicator lamps— 
a 16-page abridged version of List No. 
132 from Arcolectric (Switches) (List 
No. 132/A) 

Tick No 536 on reply card 


Distant indication and control—a 7- 
page booklet from Evershed’s about their 
ohmmeter system (Publication 531), 

Tick No 537 on reply card 


Electro-pneumatic converter—a 4-page 
leaflet from Evershed’s on simple pro- 
portional action for low air pressures 
(Publication 532) 

Tick No 538 on reply card 


Precise tank gauges are explained in 
a loose-leaf folder from Evershed’s en- 
titled ‘From Kent to Kuwait, Iraq to 
Venezuela ’ 

Tick No 539 on reply card 


High-speed counters—two leaflets on 
counters for industrial control from 
Mullard Equipment 

Tick No 540 on reply card 


Combi-Element and Norbit are the 
titles of two leaflets from Mullard Equip- 
ment, on building bricks for industrial 
control systems and electronic equip- 
ment 

Tick No 541 on reply card 


Precision Vernier D.C, Potentiometer 
—leaflets from Doran Instrument Co. 
(List 119) 

Tick No 542 on reply card 


Avel Information—A 35-page book- 
let produced by Aveley Electric contain- 
ing information on new developments 
by Rhode & Schwarz and Gossen, and 
details of Aveley’s specialized produc- 
tion of toroidally wound items. 

Tick No 543 on reply card 


Needle bearings—A 4-page publica- 
tion from I.N.A. Needle Bearings, show- 
ing typical sizes and some applications. 

Tick No 544 on reply ca‘ 
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So simple! 
So surely SIMPLIFIX 
the foolproof 

coupling! 





LS RARE ee Aer 


Simplifix couplings form a perfect joint on almost 

any kind of tubing including those with very thin walls. 

All that is required is tightening with a spanner— 

no special work is required on the tube and the anti-friction 
washer prevents the tube twisting when the nut is tightened. 
Simplifix couplings are suitable for all pipe line systems 

up to 2in. o.d. In a wide range of interchangeable standard fittings. 
Non-standard fittings of all kinds can also be made to order. 
Write for further information and fully illustrated catalogue. 


Sl M PLI Fl SIMPLIFIX COUPLINGS LTD., HARGRAVE RD., MAIDENHEAD, BERKS. TEL: MAIDENHEAD 5100 
A member of the ALENCO Group of Companies 
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Incredibly haphazard 
Servomechanism Fundamentals by Ben Zeines. McGraw-Hill. 
1959, 257 pp. £2 3s. * 701 
The title of this book is identical to that of the very good 
book by Lauer, Lesnik and Matson but thereafter any com- 
parison ceases. By English standards at least, it is misleading. 
The object of the book is ‘to acquaint the student and the 
technician . . . with the basic methods of servo systems and 
data transmission systems.’ In some 120 pages servo compo- 
nents are described. Then follow chapters on ‘ performance 
improvers’ (28 pages), methods of measurement (11 pages) 
and examples of servo systems (16 pages). Three appendices 
deal in turn with magnetic amplifiers (steady state only—4 
pages), d.c. motors (by Laplace operator—24 pages) and the 
theory of servomechanisms (by classical differential equation 
methods—10 pages). 

The chapter contents seem incredibly haphazard. If the 
hydraulic valve is described on page 41 why include hydraulic 
motors under a.c. servomechanisms on page 159? The latter 
chapter also includes gear trains, backlash and two-speed 
servo drives as if such things never occurred except in a.c. 
servos. 

The use of synchros to produce an error voltage is confused 
with the synchronous link by the statement (p. 74) that ‘the 
180° position is usually an unstable position’ followed by a 
reference to the torque on the rotor. As the supply voltage is 
only connected to one rotor, there is no torque. The use of 
split gears is restricted to ‘light duty servos’ with no mention 
of their use in a measuring loop, with normal gears for load 
carrying. The characteristics of cross-field machines (all under 
the single heading ‘ Amplidynes’) are not given and what in- 
formation there is must be looked for under ‘d.c. Servo- 
motors.’ The phase and amplitude diagrams for ‘ performance 
improvers ’ (compensating networks and stabilizers) are given 
but it is difficult to see their value unless the other components 
in the servo system are dealt with in the same way. 

These are but some of the comments which can be made; 
space does not permit inclusion of even a fair proportion. 

The diagrams are clear but some of the photographs are not 
worth including. Fig. 8.1 (squirrel cage servomotor) is so bad 
that the details of the rotor are barely visible and those of 
the stator not at all. Fig. 8.2 might be any small servomotor 
or generator. 

A number of questions are appended to each chapter and 
the text provides the answers. There are also a few problems 
but these are of little value as no answers are provided. The 
bibliography consists of seven book titles, all published in the 
U.S.A. G. L. ASHDOWN 


O.N.C. but not degree 


Electro-Technology for National Certificate Courses by H. 
Buckingham and E. M. Price. English Universities Press. Sep- 
tember 1959. 361 pp. 16s. *% 702 
In attempting to increase the sales field of the third volume the 
authors have failed to satisfy the needs of the degree student 
and have given too much for the O.N.C. student. This volume 
of the series more than covers the majority of O.N.C. sylla- 
buses, but fails to achieve its stated object of also covering 
Applied Electricity for Part I of London University B.Sc.(Eng.) 
degree; it covers the syllabus content but it does not do it in 
sufficient detail, nor from fundamental concepts, Many of the 
explanations lack the incisive clarity which is an essential for 
the part-time student. The book will be invaluable to any 
lecturer dealing with O.N.C. and H.N.C, students for its wide 
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subject content and for the many worked examples in the text 
and the examples, with answers, at the end of each chapter. 

It is better to introduce the j operator when a student is 
thoroughly familiar with the vector solution of a.c. problems, 
otherwise the physical solution of that problem is meaningless. 
Volume III does introduce the j operator at a very early stage 
to solve a.c. problems, before showing the vector solution of a 
‘compound a.c. circuit’. 

While providing numerous references to Volume II of the 
series the usefulness of the book would have been greatly 
enhanced had a list of references for further reading been 
included at the end of each chapter. 

The use of L for length in p. 114 might lead to confusion, 
as this symbol is usually reserved for inductance, The grammar 
of the sentence starting on line 12 of the paragraph 6.18 is 
questionable. The answers to the ‘ percentage and per unit’ 
section of example 8.1 are missing. 

The treatment in the chapters headed ‘D.C. machines’, 
‘Electric fields’, ‘ Magnetic fields’, ‘ Transformers’, ‘ Circuit 
theory II’, ‘Conversion of a.c. to d.c.’, ‘ Electronics’, ‘ Some 
economic considerations and complex waves’, is good, apart 
from the general criticisms already made. R. TURNER 


Computers for businessmen 


Programming Business Computers by Daniel D. McCracken, 
Harold Weiss and Tsa Itsai-Hwa Lee. Chapman & Hall: Lon- 
don. John Wiley: New York. 1959. 510 pp. £4 2s. * 703 


This large book is claimed to be written for the person who is 
interested in applying computers to business problems, and 
who may not have a mathematical background. The authors 
have a cumulative background which includes training and 
experience in accounting, systems and procedures, engineering 
and mathematics. The book is in four parts: (1) the nature 
of the data processing problem, the central concept of the file, 
flow charting, and the general characteristics of electronic com- 
puters; (2) coding—the coding examples are written in terms 
of a hypothetical computer which is a compilation of many 
machines; (3) more advanced topics which are essential to 
anyone wanting a deeper grasp and a broader background; 
and (4) a summary of the steps involved in getting a computer 
application under way, and a critical look at the accounting 
and auditing problems associated with E.D.P. 

It is clearly written, in plain English, is well produced and 
should prove a valuable reference work. As a textbook it 
would require much time for study and whether a control 
engineer who requires a somewhat detailed knowledge of pro- 
gramming business computers would choose this work or a 
shorter one is a personal matter. L. LANDON GOODMAN 


Books received 


Masers by J. Singer. Chapman & Hall. 1959. 147 pp, £2 12s 

* 704 
Impulse-Voltage Testing by W. Hawley. Chapman & Hall. 
1959. 183 pp. £1 12s * 705 
Laboratory Instruments—their Design and Application by A. 
Elliott and J. Home Dickson. Chapman & Hall. 1959. 514 pp. 
£2 15s * 706 
Operational Calculus by Jan Mikusinski, Pergamon Press. 
1959. 495 pp. £5 * 707 
People and Productivity by A. B. Waring. British Productivity 
Council. 1959. 95 pp. £1 5s * 708 
Digital and Sampled-Data Control Systems by Julius T. Tou. 
McGraw-Hill. 1959. 631 pp. £5 16s 6d * 709 
Handbook of Electronic Control Circuits by J. Markus. 
McGraw-Hill. 1959. 347 pp. £3 6s * 710 
Handbook of Automation, Computation and Control: Vol. 2. 
Computers and Data Processing by E. M. Grabbe, 8. Ramo and 
D. E. Wooldridge. Chapman & Hall: London, John Wiley: 
New York. 1959. 1071 pp. £7 * 711 


% Tick the relevant number on the reader information card for further informa- 
tion on any book reviewed above. 
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Millivolts to 
|Milliamps 
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Operating from a 200/250 V 50 c/s the 
Servo-Pot produces a d.c. milliampere output 
proportional to the d.c. millivolt input. 
Negligible current is drawn from the input 
source. 

It is designed for use with very low millivolt 
devices, e.g. thermocouples, providing power 
for indicators, recorders or controllers. 
Overall accuracy is - 1% of input or +0.05 
millivolts, whichever is the greater. 
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Sis 


SANGAMO WESTON LTD 


ENFIELD - MIDDLESEX - Phone ENFIELD 5434 (6 lines) & 1242 
(6 lines) - Grams: Sanwest Enfield 


| LONDON - GLASGOW - MANCHESTER - NEWCASTLE-ON-TYNE - LEEDS + LIVERPOOL 


| WOLVERHAMPTON + NOTTINGHAM - BRISTOL + SOUTHAMPTON 
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ELECTRICALLY POWERED 
LINEAR | 
ACTUATORS 


Equipment which is normally inaccessible, 





or situated in areas dangerous to life, 


can be positively operated by Teleflex Actuators. 









These simple devices can be instantly 
stopped at any desired position, will hold the 


load indefinitely, and cannot be overloaded. 


BALL — BEARING SCREW JACK 


TELESCOPIC SLEEVES — 


OUTER— INNER 


WRITE TODAY FOR FULL DETAILS 


Tele flex INDUSTRIAL ACTUATORS } 


TELEFLEX PRODUCTS LTD. - BASILDON - ESSEX 
TELEPHONE: BASILDON 22861 (10 LINES). TELEGRAMS: TELEFLEX PHONE BASILDON. CABLEGRAMS: TELEFLEX BASILDON 
P 3007 
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